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first and second electrodes extending in a first direction
and spaced apart in a second direction and a plurality of
light emitting elements on and electrically connected to
the first and second electrodes; a bank layer extending
around a region at where the light emitting elements are
arranged; and a plurality of wavelength conversion layers
and light transmitting layers in the region bounded by the
bank layer. The sub-pixels include: a first sub-pixel in-

cluding a first wavelength conversion layer overlapping
the light emitting elements in the region bounded by the
bank layer; and a second sub-pixel including a second
wavelength conversion layer, a third wavelength conver-
sion layer containing different wavelength conversion
particles that the second wavelength conversion layer,
and afirst light transmitting layer, each of which overlaps
some of the light emitting elements, in the region bounded
by the bank layer.
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Description
BACKGROUND
1. Field

[0001] Aspects of embodiments of the disclosure re-
late to a display device.

2. Description of the Related Art

[0002] The importance of display devices has steadily
increased with the development of multimedia technolo-
gy. Inresponse thereto, various types of display devices,
such as an organic light emitting diode (OLED) display,
a liquid crystal display (LCD), and the like have been
developed and are used.

[0003] From among devices for displaying an image,
there is a self-light emitting display device including a
light emitting element. The self-light emitting display de-
vice may include an organic light emitting display device
using an organic material as a light emitting material as
a light emitting element, an inorganic light emitting dis-
play device using an inorganic material as a light emitting
material, or the like.

SUMMARY

[0004] Embodiments of the disclosure provide an in-
organic light emitting diode display having a novel pixel
arrangement structure.

[0005] However, aspects and features of the disclo-
sure are not restricted to that set forth above. The above
and other aspects and features of the disclosure will be-
come more apparent to one of ordinary skill in the art to
which the disclosure pertains by referencing the detailed
description of the disclosure given below.

[0006] According to an embodiment of the disclosure,
a display device includes: a plurality of sub-pixels includ-
ing a first electrode and a second electrode extending in
a first direction and spaced apart from each other in a
second direction and a plurality of light emitting elements
on and electrically connected to the first electrode and
the second electrode; a bank layer extending around a
region at where the light emitting elements of the sub-
pixels are arranged; and a plurality of wavelength con-
version layers and light transmitting layers in the region
bounded by the bank layer. The sub-pixels include: a first
sub-pixel including a first wavelength conversion layer
overlapping the light emitting elements in the region
bounded by the bank layer; and a second sub-pixel in-
cluding a second wavelength conversion layer, a third
wavelength conversion layer, and afirst light transmitting
layer, each of which overlaps some of the light emitting
elements, in the region bounded by the bank layer. The
second wavelength conversion layer and the third wave-
length conversion layer of the second sub-pixel contain
different wavelength conversion particles.
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[0007] Thelightemittingelements overlapping the sec-
ond wavelength conversion layer, the third wavelength
conversion layer, and the first light transmitting layer of
the second sub-pixel, respectively, may be on the same
first and second electrodes.

[0008] Thefirstwavelength conversionlayer may over-
lap each of the light emitting elements in the first sub-
pixel and may contain first wavelength conversion parti-
cles identical to those of the second wavelength conver-
sion layer.

[0009] Each of the second wavelength conversion lay-
er, the third wavelength conversion layer, and the first
light transmitting layer of the second sub-pixel may over-
lap different portions of the first electrode and the second
electrode.

[0010] The bank layer may divide the region at where
the light emitting elements of the second sub-pixel are
arranged into a plurality of sub-emission areas, and the
second wavelength conversion layer, the third wave-
length conversion layer, and the first light transmitting
layer may be in each of the sub-emission areas.

[0011] The display device may further include a first
color filter layer on the first wavelength conversion layer
of the first sub-pixel, a second color filter layer on the
second wavelength conversion layer, a third color filter
layer on the third wavelength conversion layer, and a
fourth color filter layer on the first light transmitting layer
of the second sub-pixel. At least two of the second color
filter layer, the third color filter layer, and the fourth color
filter layer may partially overlap each other.

[0012] The second wavelength conversion layer, the
third wavelength conversion layer, and the first light
transmitting layer may be spaced apart from each other
in the first direction.

[0013] The second wavelength conversion layer, the
third wavelength conversion layer, and the first light
transmitting layer may be arranged in the first direction
and may be in contact with each other.

[0014] The second color filter layer and the third color
filter layer may be arranged to partially overlap each oth-
er. The display device may further include a color pattern
on an overlapping portion of the second color filter layer
and the third color filter layer, and the color pattern may
contain the same colorant as that of the fourth color filter
layer.

[0015] The second wavelength conversion layer, the
third wavelength conversion layer, and the first light
transmitting layer of the second sub-pixel may be ar-
ranged in the first direction, the third wavelength conver-
sion layer may partially overlap each of the second wave-
length conversion layer and the first light transmitting lay-
er, and the third color filter layer may partially overlap
each of the second color filter layer and the fourth color
filter layer.

[0016] The sub-pixels may further include a third sub-
pixelincluding a fourth wavelength conversion layer over-
lapping the light emitting elements in the region bounded
by the bank layer, and the fourth wavelength conversion
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layer may contain second wavelength conversion parti-
cles identical to those of the third wavelength conversion
layer.

[0017] The sub-pixels may further include a fourth sub-
pixel including a second light transmitting layer overlap-
ping the light emitting elements in the region bounded by
the bank layer.

[0018] The fourth wavelength conversion layer of the
third sub-pixel may overlap the plurality of light emitting
elements in the third sub-pixel, and the second light trans-
mitting layer of the fourth sub-pixel may overlap the plu-
rality of light emitting elements in the fourth sub-pixel.
[0019] According to another embodiment of the disclo-
sure, a display device includes: a plurality of sub-pixels
including afirst electrode and a second electrode extend-
ing in a first direction and spaced apart from each other
in a second direction and a plurality of light emitting ele-
ments on the first electrode and the second electrode
and electrically connected to the first electrode and the
second electrode; abanklayer extending around aregion
at where the light emitting elements of the sub-pixels are
arranged; and a light transmitting layer in the region
bounded by the bank layer. The sub-pixels include: a first
sub-pixel electrically connected to the first electrode and
the second electrode and including a first light emitting
element configured to emit light of a first color; and a
second sub-pixel including a first light emitting element
electrically connected to the first electrode and the sec-
ond electrode and configured to emitlight of the first color,
a second light emitting element configured to emit light
of a second color different from the first color, and a third
light emitting element configured to emit light of a third
color different from the first color and the second color.
The second sub-pixel includes: a third electrode and a
fourth electrode electrically connected to the second light
emitting element and spaced apart from the first elec-
trode and the second electrode in the first direction, re-
spectively; and afifth electrode and a sixth electrode elec-
trically connected to the third light emitting element and
spaced apart from the third electrode and the fourth elec-
trode in the first direction, respectively.

[0020] The light transmitting layer in the first sub-pixel
may overlap the first light emitting element of the first
sub-pixel, and the light transmitting layer in the second
sub-pixel may overlap each of the first light emitting ele-
ment, the second light emitting element, and the third
light emitting element of the second sub-pixel.

[0021] The first light emitting element, the second light
emitting element, and the third light emitting element of
the second sub-pixel may be spaced apart from each
other in the first direction, the bank layer may extend
around each of a region at where the first light emitting
element is arranged, a region at where the second light
emitting element is arranged, and a region at where the
third light emitting element is arranged in the second sub-
pixel, and the light transmitting layer in the second sub-
pixel may be in the region bounded by the bank layer in
the second sub-pixel.
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[0022] The sub-pixels may further include a third sub-
pixel electrically connected to the first electrode and the
second electrode and including the second light emitting
element configured to emit light of the second color, and
the light transmitting layer in the third sub-pixel may over-
lap the second light emitting element of the third sub-
pixel.

[0023] The sub-pixels may furtherinclude a fourth sub-
pixel electrically connected to the first electrode and the
second electrode and including the third light emitting
element configured to emit light of the third color, and the
light transmitting layer in the fourth sub-pixel may overlap
the third light emitting element of the fourth sub-pixel.
[0024] The second sub-pixel may include a first tran-
sistor electrically connected to the first electrode, a sec-
ond transistor electrically connected to the third elec-
trode, and a third transistor electrically connected to the
fifth electrode, and the first transistor, the second tran-
sistor, and the third transistor may each be electrically
connected to a first voltage line configured to receive a
first power voltage.

[0025] Each of the second electrode of the first sub-
pixel and the second electrode, the fourth electrode, and
the sixth electrode of the second sub-pixel may be elec-
trically connected to a second voltage line configured to
receive a second power voltage different from the first
power voltage, and the first sub-pixel may include one
transistor electrically connected to the first electrode and
the first voltage line.

[0026] At least some of the above and other features
of the invention are set out in the claims.

[0027] However, aspects and features of the disclo-
sure are not limited to the aforementioned aspects and
features, and various other aspects and features are in-
cluded in the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other aspects and features of
the disclosure will become more apparent by describing,
in detail, embodiments thereof with reference to the at-
tached drawings, in which:

FIG. 1 is a schematic plan view of a display device
according to one embodiment;

FIG.2is a plan view illustrating a schematic arrange-
ment of wires of a display device according to one
embodiment;

FIGS. 3 and 4 are pixel circuit diagrams of a sub-
pixel disposed in a display device according to em-
bodiments;

FIG. 5 is a plan view illustrating the arrangement of
pixels and an emission area of a display device ac-
cording to one embodiment;

FIG. 6 is a plan view illustrating the arrangement of
pixels and a light transmitting area of a display device
according to one embodiment;

FIG. 7 is a plan view schematically illustrating emis-



5 EP 4 239 676 A2 6

sion areas of one pixel according to one embodi-
ment;

FIG. 8 is a plan view schematically illustrating light
transmitting areas of one pixel according to one em-
bodiment;

FIG. 9is a plan view illustrating one pixel of a display
device according to one embodiment;

FIG. 10 is a cross-sectional view taken along the line
N1-N1’ of FIG. 9;

FIG. 11 is a cross-sectional view taken along the line
N2-N2’ of FIG. 9;

FIG. 12 is a plan view illustrating wavelength con-
version layers and light transmitting layers disposed
in one pixel of a display device according to one em-
bodiment;

FIG. 13 is a cross-sectional view taken along the line
N3-N3’in FIG. 12;

FIG. 14 is a cross-sectional view taken along the line
N4-N4’ of FIG. 12;

FIG. 15is aschematic view of alight emitting element
according to one embodiment;

FIG. 16 is a plan view illustrating wavelength con-
version layers and light transmitting layers disposed
in one pixel of a display device according to another
embodiment;

FIG. 17 is a cross-sectional view taken along the line
N5-N5’ of FIG. 16;

FIG. 18 is a plan view illustrating wavelength con-
version layers and light transmitting layers disposed
in one pixel of a display device according to another
embodiment;

FIG. 19 is a cross-sectional view taken along the line
N6-N6’ of FIG. 18;

FIG. 20 is a plan view illustrating a pixel of a display
device according to another embodiment;

FIG. 21 is a plan view illustrating wavelength con-
version layers and light transmitting layers disposed
in one pixel shown in FIG. 20;

FIG. 22 is a cross-sectional view taken along the line
N7-N7’in FIG. 21;

FIG. 23 is aplan view schematically illustrating emis-
sion areas of one pixel of a display device according
to another embodiment;

FIG. 24 is a plan view illustrating the schematic ar-
rangement of light transmitting layers disposed in
one pixel of the display device shown in FIG. 23;
FIG. 25isaplanview illustrating one pixel of adisplay
device according to one embodiment;

FIG. 26 is a plan view illustrating a second sub-pixel
shown in FIG. 25;

FIG. 27 is a cross-sectional view taken along the line
E1-E1’ of FIG. 26;

FIG. 28 is a cross-sectional view taken along the line
E2-E2’ of FIG. 26;

FIG. 29 is a cross-sectional view taken along the line
E3-E3’ in FIG. 26;

FIG. 30 is a plan view illustrating light transmitting
layers disposed in one pixel shown in FIG. 25;
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FIG. 31 is a cross-sectional view taken along the line
E4-E4’ in FIG. 30;

FIG. 32 is a cross-sectional view taken along the line
E5-E5’ of FIG. 30;

FIG. 33 is a plan view illustrating light transmitting
layers disposed in one pixel of a display device ac-
cording to another embodiment;

FIG. 34 is a cross-sectional view taken along the line
E6-E6’ of FIG. 33;

FIG. 35 is a plan view illustrating a sub-pixel of a
display device according to another embodiment;
FIG. 36 is a cross-sectional view taken along the line
Q1-Q1’ of FIG. 35;

FIG. 37 is a cross-sectional view taken along the line
Q2-Q2’ of FIG. 35; and

FIG. 38 is a plan view illustrating wavelength con-
version layers and light transmitting layers disposed
in the first sub-pixel and the second sub-pixel shown
in FIG. 35.

DETAILED DESCRIPTION

[0029] The disclosure will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which embodiments of the disclosure are shown.
This disclosure may, however, be embodied in different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete and will fully convey the scope of the invention
to those skilled in the art.

[0030] It will be understood that when an element or
layer is referred to as being "on," "connected to," or "cou-
pled to" another element or layer, it may be directly on,
connected, or coupled to the other element or layer or
one or more intervening elements or layers may also be
present. When an element or layer is referred to as being
"directly on," "directly connected to," or "directly coupled
to" another element or layer, there are no intervening
elements or layers present. For example, when a first
element is described as being "coupled" or "connected"
to a second element, the first element may be directly
coupled or connected to the second element or the first
element may be indirectly coupled or connected to the
second element via one or more intervening elements.
[0031] In the figures, dimensions of the various ele-
ments, layers, etc. may be exaggerated for clarity of il-
lustration. The same reference numerals designate the
same elements. As used herein, the term "and/or" in-
cludes any and all combinations of one or more of the
associated listed items. Further, the use of "may" when
describing embodiments of the disclosure relates to "one
or more embodiments of the disclosure." Expressions,
such as "at least one of," when preceding a list of ele-
ments, modify the entire list of elements and do not mod-
ify the individual elements of the list. As used herein, the
terms "use," "using," and "used" may be considered syn-
onymous with the terms "utilize," "utilizing," and "utilized,"
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respectively. As used herein, the terms "substantially,"
"about," and similar terms are used as terms of approx-
imation and not as terms of degree, and are intended to
account for the inherent variations in measured or calcu-
lated values that would be recognized by those of ordi-
nary skill in the art.

[0032] It will be understood that, although the terms
first, second, third, etc. may be used herein to describe
various elements, components, regions, layers, and/or
sections, these elements, components, regions, layers,
and/or sections should not be limited by these terms.
These terms are used to distinguish one element, com-
ponent, region, layer, or section from another element,
component, region, layer, or section. Thus, a first ele-
ment, component, region, layer, or section discussed be-
low could be termed a second element, component, re-
gion, layer, or section without departing from the teach-
ings of example embodiments.

[0033] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" or "over" the
other elements or features. Thus, the term "below" may
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees
oratotherorientations), and the spatially relative descrip-
tors used herein should be interpreted accordingly.
[0034] The terminology used herein is for the purpose
of describing embodiments of the disclosure and is not
intended to be limiting of the disclosure. As used herein,
the singular forms "a" and "an" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "includes," "including," "comprises," and/or "com-
prising," when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, ele-
ments, and/or components but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0035] Hereinafter, embodiments will be described
with reference to the accompanying drawings.

[0036] FIG. 1is a schematic plan view of a display de-
vice according to one embodiment.

[0037] ReferringtoFIG. 1, adisplay device 10 displays
(e.g., is configured to display) a moving image and/or a
still image. The display device 10 may refer to (or may
represent) any electronic device providing (or including)
a display screen. Examples of the display device 10 may
include a television, a laptop computer, a monitor, a bill-
board, an Internet-of-Things (loT) device, a mobile
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phone, a smartphone, a tablet personal computer (PC),
an electronic watch, a smart watch, a watch phone, a
head-mounted display, a mobile communication termi-
nal, an electronic notebook, an electronic book, a porta-
ble multimedia player (PMP), a navigation device, a
game machine, a digital camera, a camcorder, and the
like, which provide a display screen.

[0038] The display device 10 includes a display panel
which provides a display screen. Examples of the display
panel may include an inorganic light emitting diode dis-
play panel, an organic light emitting display panel, a
quantum dot light emitting display panel, a plasma dis-
play panel, and a field emission display panel. In the fol-
lowing description, the display device 10 is described as
being an inorganic light emitting diode display panel as
an example, but the disclosure is not limited thereto and
other display panels may be applied within the same
scope.

[0039] The shape of the display device 10 may be var-
iously modified (or variously changed). For example, the
display device 10 may have a rectangular shape elon-
gated in a horizontal direction, a rectangular shape elon-
gated in a vertical direction, a square shape, a quadrilat-
eral shape with rounded corners (e.g., vertices), another
polygonal shape, and a circular shape. The shape of a
display area DPA of the display device 10 may be similar
to the overall shape of the display device 10. FIG. 1 il-
lustrates an embodiment in which the display device 10
has a rectangular shape elongated in a second direction
DR2.

[0040] The display device 10 may include the display
area DPA and a non-display area NDA. The display area
DPA is an area where a screen (or image) can be dis-
played, and the non-display area NDA is an area where
a screen (or image) is not displayed. The display area
DPA may be referred to as an active region, and the non-
display area NDA may be referred to as a non-active
region. The display area DPA may substantially occupy
the center of the display device 10.

[0041] The non-display area NDA may be disposed
around the display area DPA. The non-display area NDA
may completely or partially surround, in a plan view, (e.g.,
may completely or partially extend around a periphery
of) the display area DPA. The display area DPA may
have a rectangular shape, and the non-display area NDA
may be disposed adjacent to the four sides of the display
area DPA. The non-display area NDA may form a bezel
of the display device 10. Wires or circuit drivers included
in the display device 10 may be disposed in the non-
display area NDA or external devices may be mounted
thereon.

[0042] FIG. 2 is a plan view illustrating schematic ar-
rangement of wires of a display device according to one
embodiment.

[0043] Referring to FIG. 2, the display device 10 may
include a plurality of wires. The display device 10 may
include a plurality of scan lines SL (e.g., SL1, SL2, and
SL3), a plurality of data lines DTL (e.g., DTL1,DTL2, and
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DTL3), an initialization voltage line VIL, and a plurality of
voltage lines VL (e.g., VL1, VL2, VL3, and VL4). Other
wires may be further provided in the display device 10.
The plurality of wires may include wires formed of a first
conductive layer and extending in a first direction DR1
and wires formed of a third conductive layer and extend-
ing in the second direction DR2. However, the extension
directions of the wires are not limited thereto.

[0044] Thefirstscanline SL1 and the second scan line
SL2 may be disposed to extend in the first direction DR1.
The first scan line SL1 and the second scan line SL2 may
be disposed adjacent to each other and spaced apart
from the different first scan line SL1 and second scan
line SL2 in the second direction DR2. The first scan line
SL1 and the second scan line SL2 may be connected to
a scan line pad WPD_SC connected to a scan driver.
The first scan line SL1 and the second scan line SL2 may
be disposed to extend from the pad area PDA disposed
in the non-display area NDA to (or into) the display area
DPA.

[0045] The third scan line SL3 may be disposed to ex-
tend in the second direction DR2 and may be disposed
to be spaced apart from the other third scan line SL3 in
the first direction DR1. One third scan line SL3 may be
connected to one or more first scan lines SL1 or one or
more second scan lines SL2. The plurality of scan lines
SL may have (or may form) a mesh structure in (or over)
the entire surface of the display area DPA but is not lim-
ited thereto.

[0046] Theterm"connected"asusedherein may mean
not only that one member is connected to another mem-
ber through a physical contact, but also that one member
is connected to another member through yet another
member. This may also be understood as one part and
the other part as being integral elements or as being con-
nected into (or forming) an integrated element viaanother
element. Furthermore, if one element is connected to an-
other element, this may be construed as a meaning in-
cluding an electrical connection via another element in
addition to a direct, physical connection.

[0047] The data lines DTL may be disposed to extend
in the first direction DR1. The data line DTL includes a
first data line DTL1, a second data line DTL2, and a third
data line DTL3, and each one of the first to third data
lines DTL1, DTL2, and DTL3 forms a group and are dis-
posed adjacent to each other. Each of the data lines
DTL1, DTL2, and DTL3 may be disposed to extend from
the pad area PDA disposed in the non-display area NDA
to (orinto) the display area DPA. However, the disclosure
is not limited thereto, and the plurality of data lines DTL
may be spaced apart from each other at equal intervals
between a first voltage line VL1 and a second voltage
line VL2, to be described later.

[0048] The initialization voltage line VIL may be dis-
posed to extend in the first direction DR1. The initializa-
tion voltage line VIL may be disposed between the data
lines DTL and the first voltage line VL1. The initialization
voltage line VIL may be disposed to extend from the pad
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area PDA disposed in the non-display area NDA to (or
into) the display area DPA.

[0049] The first voltage line VL1 and the second volt-
age line VL2 are disposed to extend in the first direction
DR1, and the third voltage line VL3 and the fourth voltage
line VL4 are disposed to extend in the second direction
DR2. The first voltage line VL1 and the second voltage
line VL2 may be alternately disposed in the second di-
rection DR2, and the third voltage line VL3 and the fourth
voltage line VL4 may be alternately disposed in the first
direction DR1. The first voltage line VL1 and the second
voltage line VL2 may be disposed to extend in the first
direction DR1 to cross the display area DPA. Some of
the wires of the third voltage line VL3 and the fourth volt-
age line VL4 may be disposed in the display area DPA
and other wires may be disposed in the non-display area
NDA positioned on both sides of the display area DPA
in the first direction DR1, respectively. The first voltage
line VL1 and the second voltage line VL2 may be formed
of the first conductive layer, and the third voltage line VL3
and the fourth voltage line VL4 may be formed of the third
conductive layer disposed on a layer different from the
first conductive layer. The first voltage line VL1 may be
connected to at least one third voltage line VL3, the sec-
ond voltage line VL2 may be connected to at least one
fourth voltage line VL4, and the plurality of voltage lines
VL may have (or may form) a mesh structure in (or over)
the entire display area DPA. However, the disclosure is
not limited thereto.

[0050] The first scan line SL1, the second scan line
SL2, the data line DTL, the initialization voltage line VIL,
the first voltage line VL1, and the second voltage line VL2
may be electrically connected to at least one line pad
WPD. Each line pad WPD may be disposed in the non-
display area NDA. In one embodiment, each of the line
pads WPD may be disposed in the pad area PDA posi-
tioned on a lower side in the drawing, which is the other
side of the display area DPA in the first direction DR1.
The first scan line SL1 and the second scan line SL2 are
connected to the scan line pad WPD_SC disposed in the
pad area PDA, and the plurality of data lines DTL are
connected to different data line pads WPD_DT. The ini-
tialization voltage line VIL is connected to an initialization
line pad WPD_Vint, the first voltage line VL1 is connected
to afirst voltage line pad WPD_VL1, and the second volt-
age line VL2 is connected to a second voltage line pad
WPD_VL2. The external devices may be mounted on the
line pads WPD. The external devices may be mounted
on the line pads WPD by applying (or via) an anisotropic
conductive film, ultrasonic bonding, or the like. In FIG. 2,
each ofthe line pads WPD s illustrated as being disposed
on the pad area PDA disposed on the lower side of the
display area DPA, butthe disclosure is not limited thereto.
Some of the plurality of line pads WPD may be disposed
in any one area on the upper side or on the left and right
sides of the display area DPA.

[0051] Each pixel PX or sub-pixel SPXn (n being an
integer of 1 to 3) of the display device 10 includes a pixel
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driving circuit. The above-described wires may pass
through each pixel PX or the periphery thereof to apply
a driving signal to each pixel driving circuit. The pixel
driving circuitmay include transistors and capacitors. The
number of transistors and capacitors of each pixel driving
circuit may be variously modified. According to one em-
bodiment, in each sub-pixel SPXn of the display device
10, the pixel driving circuit may have a 3T1C structure
including three transistors and one capacitor. Hereinaf-
ter, a pixel driving circuit having the 3T1C structure will
be described as an example, but the disclosure is not
limited thereto and the pixel driving circuit may have other
structures, such as a 2T1C structure, a 7T1C structure,
and a 6T1C structure.

[0052] FIGS. 3 and 4 are pixel circuit diagrams of a
sub-pixel disposed in a display device according to em-
bodiments.

[0053] Referringto FIG. 3, each sub-pixel SPXn of the
display device 10 according to one embodimentincludes
three transistors T1, T2 and T3 and one storage capacitor
Cst in addition to a light emitting diode EL.

[0054] The light emitting diode EL emits light by (or
according to) a current supplied through a first transistor
T1. The light emitting diode EL includes a first electrode,
a second electrode, and at least one light emitting ele-
ment disposed between them. The light emitting element
may emit light of a specific wavelength band by electrical
signals transmitted from the first electrode and the sec-
ond electrode.

[0055] One end of the light emitting diode EL may be
connected to the source electrode of the first transistor
T1, and the other end thereof may be connected to the
second voltage line VL2 to which a low potential voltage
(hereinafter, a second power voltage) lower than a high
potential voltage (hereinafter, a first power voltage) of
the first voltage line VL1 is supplied.

[0056] The first transistor T1 adjusts a current flowing
from the first voltage line VL1, to which the first power
voltage is supplied, to the light emitting diode EL accord-
ing to the voltage difference between the gate electrode
and the source electrode. For example, the firsttransistor
T1 may be adriving transistor for driving the light emitting
diode EL. The gate electrode of the first transistor T1 may
be connected to the source electrode of the second tran-
sistor T2, the source electrode of the first transistor T1
may be connected to the first electrode of the light emit-
ting diode EL, and the drain electrode of the first transistor
T1 may be connected to the first voltage line VL1 to which
the first power voltage is applied.

[0057] The second transistor T2 is turned on by a scan
signal of a first scan line SL1 to connect the data line DTL
to the gate electrode of the first transistor T1. The gate
electrode of the second transistor T2 may be connected
to the first scan line SL1, the source electrode thereof
may be connected to the gate electrode of the first tran-
sistor T1, and the drain electrode thereof may be con-
nected to the data line DTL.

[0058] The third transistor T3 is turned on by a scan
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signal of the second scan line SL2 to connect the initial-
ization voltage line VIL to one end of the light emitting
diode EL. The gate electrode of the third transistor T3
may be connected to the second scan line SL2, the drain
electrode thereof may be connected to the initialization
voltage line VIL, and the source electrode thereof may
be connected to one end of the light emitting diode EL
or to the source electrode of the first transistor T1.
[0059] The source electrode and the drain electrode
of each of the transistors T1, T2, and T3 are not limited
to those described above, and vice versa. Each of the
transistors T1, T2, and T3 may be formed of a thin film
transistor. In FIG. 3, each of the transistors T1, T2, and
T3is illustrated as being formed of an N-type metal oxide
semiconductor field effect transistor (MOSFET), but the
disclosure is not limited thereto. For example, in another
embodiment, each of the transistors T1, T2, and T3 may
be formed of a P-type MOSFET. In some embodiments,
some of the transistors T1, T2, and T3 may be formed
of an N-type MOSFET and the others may be formed of
a P-type MOSFET.

[0060] The storage capacitor Cst is formed between
the gate electrode and the source electrode of the first
transistor T1. The storage capacitor Cst stores a voltage
difference between a gate voltage and a source voltage
of the first transistor T1.

[0061] In the embodiment shown in FIG. 3, the gate
electrode of the second transistor T2 may be connected
to the first scan line SL1, and the gate electrode of the
third transistor T3 may be connected to the second scan
line SL2. The first scan line SL1 and the second scan
line SL2 may be different scan lines, and the second tran-
sistor T2 and the third transistor T3 may be turned on in
response to scan signals applied from different scan
lines. However, the disclosure is not limited thereto.
[0062] Referring to FIG. 4, the gate electrodes of the
second transistor T2 and the third transistor T3 may be
connected to the same scan line SL. The second tran-
sistor T2 and the third transistor T3 may be concurrently
(or simultaneously) turned on by a scan signal applied
from the same scan line.

[0063] FIG.5is aplan view illustrating an arrangement
of pixels and an emission area of a display device ac-
cording to one embodiment. FIG. 6 is a plan view illus-
trating an arrangement of pixels and a light transmitting
area of a display device according to one embodiment.
[0064] Referring to FIGS. 5 and 6, the display device
10 may include a plurality of pixels PX. The plurality of
pixels PX may be arranged in a matrix. For example,
different pixels PX may be arranged in the first direction
DR1 and the second direction DR2. Each pixel PX may
have a rectangular or square shape in a plan view. How-
ever, the disclosure is not limited thereto, and the pixels
PX may have a rhombic shape in which each side is
inclined with respect to one direction. The pixels PX may
be arranged in a stripe type or an island type. In addition,
each of the pixels PX may include one or more light emit-
ting elements that emit light of a specific wavelength band
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to display a specific color.

[0065] Each of the pixels PX may include a plurality of
sub-pixels SPXn. For example, one pixel PX may include
a first sub-pixel SPX1, a second sub-pixel SPX2, a third
sub-pixel SPX3, and a fourth sub-pixel SPX4. The first
sub-pixel SPX1, the second sub-pixel SPX2, the third
sub-pixel SPX3, and the fourth sub-pixel SPX4 may be
arranged to be spaced apart from each other in the sec-
ond direction DR2. Each of the first sub-pixel SPX1, the
second sub-pixel SPX2, the third sub-pixel SPX3, and
the fourth sub-pixel SPX4 may be repeatedly arranged
in the first direction DR1. However, the disclosure is not
limited thereto. The layout and arrangement of the sub-
pixels SPXn may vary depending on the arrangement
and shape of the pixels PX of the display device 10. Al-
though it is illustrated in the drawing that one pixel PX
includes four sub-pixels SPXn, the disclosure is not lim-
ited thereto, and the pixel PX may include a greater
number of sub-pixels SPXn.

[0066] The sub-pixels SPXn may include emission ar-
eas EMA1, EMA2, EMAS3, and EMA4 and a non-emission
area. The emission area EMA may be an area in which
the light emitting element ED is disposed to generate
light of a specific wavelength band. The non-emission
area may be a region in which the light emitting element
ED is not disposed and a region from which light is not
emitted because light emitted from the light emitting el-
ement ED does not reach it. The first sub-pixel SPX1
may include a first emission area EMA1, the second sub-
pixel SPX2 may include a second emission area EMA2,
the third sub-pixel SPX3 may include a third emission
area EMAS3, and the fourth sub-pixel SPX4 may include
a fourth emission area EMA4. The non-emission area of
the pixel PX may be an area other than the emission
areas EMA1, EMA2, EMAS3, and EMA4 of the sub-pixels
SPXn.

[0067] The sub-pixels SPXn may include light trans-
mitting areas TA1, TA2, TA3, and TA4 respectively cor-
responding to the emission areas EMA1, EMA2, EMA3,
and EMA4 and a light blocking area BA corresponding
to the non-emission area. The light transmitting areas
TA1, TA2, TA3, and TA4 may be areas of the sub-pixels
SPXn in which light generated from the emission areas
EMA1, EMA2, EMAS3, and EMA4 is emitted, and the light
blocking area BA may be an area in which light is not
emitted. The first sub-pixel SPX1 may include a first light
transmitting area TA1, the second sub-pixel SPX2 may
include a second light transmitting area TA2, the third
sub-pixel SPX3 may include a third light transmitting area
TAS3, and the fourth sub-pixel SPX4 may include a fourth
light transmitting area TA4. The light blocking area BA
of the pixel PX may be an area other than the light trans-
mitting areas TA1, TA2, TA3, and TA4 of the sub-pixels
SPXn.

[0068] Thelighttransmittingareas TA1, TA2, TA3, and
TA4 of the sub-pixels SPXn may, but not necessarily,
correspond to the emission areas EMA1, EMA2, EMA3
and EMA4, respectively. For example, the light transmit-
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ting areas TA1, TA2, TA3, and TA4 of the sub-pixels
SPXn may notoverlap the emission areas EMA1, EMA2,
EMAS3, and EMA4, respectively, and/or may not have the
same shape as those of the light emission areas EMA1,
EMA2, EMA3, and EMA4, respectively. In the pixel PX
and the sub-pixels SPXn of the display device 10, the
emission areas EMA1, EMA2, EMA3, and EMA4 may be
areas in which light emitting elements ED (shown in FIG.
9), to be described later, are disposed to emit light, and
the light transmitting areas TA1, TA2, TA3, and TA4 may
be areas in which the light is emitted and displayed in
the sub-pixels SPXn.

[0069] Thedisplay device 10 may include the emission
areas EMA1, EMA2, EMA3, and EMA4 in which light is
emitted and the light transmitting areas TA1, TA2, TA3
and TA4 in which the light is emitted. Different color light
may be emitted in the emission areas EMA1, EMA2,
EMA3, and EMA4 and the light transmitting areas TA1,
TA2, TA3, and TA4 of the sub-pixels SPXn. For example,
in the display device 10, the light emitting elements ED
disposed in each sub-pixel SPXn may emit light of the
same color, whereas light emitted from the sub-pixels
SPXn may have different colors.

[0070] FIG. 7 is a plan view schematically illustrating
emission areas of one pixel according to one embodi-
ment. FIG. 8 is a plan view schematically illustrating light
transmitting areas of one pixel according to one embod-
iment.

[0071] Referringto FIGS.7 and 8, inthe display device
10, the light emitted from the emission areas EMA1,
EMA2, EMAS3, and EMA4 of the sub-pixels SPXn may
have the same color (e.g., substantially the same central
wavelength band). However, the light emitted from the
emission area EMA may be converted to light having
different colors (e.g., different central wavelength bands)
by a color control structure (shown in, e.g., FIGS. 12 to
14) disposed in the sub-pixel SPXn and emitted from the
light transmitting area TA.

[0072] For example, the first sub-pixel SPX1 may emit
light of a first color, the third sub-pixel SPX3 may emit
light of a second color, and the fourth sub-pixel SPX4
may emit light of a third color. The second sub-pixel SPX2
may emit each of the light of the first color, the light of
the second color, and the light of the third color, or may
emit light of a fourth color that is mixed light thereof. For
example, the first color may be red, the second color may
be green, and the third color may be blue. However, the
sub-pixels SPXn may include the same type of light emit-
ting elements ED, and the emission areas EMA may emit
light of the same color (e.g., blue light of the third color).
Some of the blue light of the third color emitted by the
light emitting elements ED of the sub-pixels SPXn may
be emitted and converted to light having a color different
from the third color (e.g., a different central wavelength
band) by the color control structure disposed in the sub-
pixel SPXn.

[0073] In accordance with one embodiment, the light
emitted from the light emitting element ED disposed in
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the first sub-pixel SPX1 may be converted to red light of
the first color and emitted from the first light transmitting
area TA1, and the light emitted from the light emitting
element ED disposed in the third sub-pixel SPX3 may be
converted to green light of the second color and emitted
from the third light transmitting area TA3. The light emit-
ted from the light emitting element ED disposed in the
fourth sub-pixel SPX4 may be emitted as the blue light
of the third color from the fourth light transmitting area
TA4 without being converted.

[0074] Some of the light emitted from the light emitting
element ED disposed in the second sub-pixel SPX2 may
be converted to red light of the first color, some may be
converted to green light of the second color, and some
may be emitted as blue light of the third color. In the
second light transmitting area TA2 of the second sub-
pixel SPX2, each of the red light of the first color, the
green light of the second color, and the blue light of the
third color may be emitted, or mixed light thereof may be
emitted. The second light transmitting area TA2 of the
second sub-pixel SPX2 may include afirst sub light trans-
mitting area STA1 in which light of the first color is emitted,
a second sub light transmitting area STA2 in which light
of the second color is emitted, and a third sub light trans-
mitting area STA3 in which light of the third color is emit-
ted. In the second light transmitting area TA2 of the sec-
ond sub-pixel SPX2, the first to third sub light transmitting
areas STA1, STA2, and STA3 may be disposed to be
spaced apart from each other in the first direction DR1
or may be disposed to be in contact with each other.
However, even when the second light transmitting area
TA2 includes the plurality of sub light transmitting areas
STA1, STA2, and STAS, the sub light transmitting areas
STA1, STA2, and STA3 may not be distinguished by
physical interfaces. The plurality of sub light transmitting
areas STA1, STA2, and STAS illustrated in the drawing,
which are the areas distinguished to correspond to the
color control structures (shown in, e.g., FIGS. 12 to 14)
disposed in the second sub-pixel SPX2, to be described
later, may form one second light transmitting area TA2
without being physically distinguished in the second sub-
pixel SPX2 of the display device 10. However, the dis-
closure is not limited thereto, and the second light trans-
mitting area TA2 may include the plurality of sub light
transmitting areas STA1, STA2, and STA3 that are phys-
ically spaced apart from each other depending on the
structure of the bank layer BNL disposed in the second
sub-pixel SPX2.

[0075] In the display device 10, each of the pixels PX
may include, in addition to the sub-pixels (e.g., the first
sub-pixel SPX1, the third sub-pixel SPX3, and the fourth
sub-pixel SPX4) emitting lights of different colors, the
sub-pixel (e.g., the second sub-pixel SPX2) emitting
lights of different colors simultaneously or emitting mixed
light thereof. This may vary depending on the arrange-
ment of the light emitting elements ED of the sub-pixels
SPXn of the display device 10 and the arrangement of
the color control structures.

10

15

20

25

30

35

40

45

50

55

[0076] Hereinafter, the structure of the pixel PX and
the sub-pixels SPXn disposed in the display device 10
will be described in detail.

[0077] FIG. 9 is a plan view illustrating one pixel of a
display device according to one embodiment.

[0078] FIG. 9illustrates a planar arrangement of elec-
trodes RME (e.g., RME1 and RME2), barrier walls BP1
and BP2, a bank layer BNL, a plurality of light emitting
elements ED, and connection electrodes CNE (e.g.,
CNE1 and CNE2) disposed in one pixel PX of the display
device 10.

[0079] Referringto FIG. 9, each of the pixels PX of the
display device 10 may include a plurality of sub-pixels
SPXn. For example, one pixel PX may include the first
sub-pixel SPX1, the second sub-pixel SPX2, the third
sub-pixel SPX3, and the fourth sub-pixel SPX4. The de-
scription of the arrangement of the sub-pixels SPXn and
the colors displayed by the sub-pixels SPXn are the same
as described above. Although the second sub-pixel
SPX2, which emits different color light simultaneously or
emitting mixed light thereof, is illustrated as being dis-
posed between the first sub-pixel SPX1 and the third sub-
pixel SPX3, the disclosure is not limited thereto. The po-
sition of the second sub-pixel SPX2 may vary.

[0080] Each sub-pixel SPXn of the display device 10
may include an emission area EMA and a non-emission
area. The emission area EMA may be an area in which
the light emitting element ED is disposed to emit light of
a specific wavelength band. The non-emission area may
be a region in which the light emitting element ED is not
disposed and a region from which light is not emitted
because light emitted from the light emitting element ED
does not reach it.

[0081] The emission area EMA may include the region
in which the light emitting element ED is disposed and a
region adjacent to the light emitting element ED in which
the light emitted from the light emitting element ED is
emitted. For example, the emission area EMA may fur-
ther include a region in which the light emitted from the
light emitting element ED is reflected or refracted by an-
other member and emitted. The plurality of light emitting
elements ED may be disposed in each sub-pixel SPXn,
and the emission area may include an area where the
light emitting elements ED are disposed and an area ad-
jacent thereto.

[0082] Although the sub-pixels SPXn are illustrated as
having emission areas EMA that are substantially iden-
tical in size, the disclosure is not limited thereto. In some
embodiments, the emission areas EMA of the sub-pixels
SPXn may have different sizes according to a color or
wavelength band of light emitted from the light emitting
element ED disposed in each sub-pixel.

[0083] Each sub-pixel SPXn may furtherinclude a sub-
region SA disposed in the non-emission area. The sub-
region SA of the corresponding sub-pixel SPXn may be
disposed on the lower side of the emission area EMA in
a plan view, which is the other side in the first direction
DR1. The emission area EMA and the sub-region SA
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may be alternately arranged along the firstdirection DR1,
and the sub-region SA may be disposed between the
emission areas EMA of different sub-pixels SPXn spaced
apart from each other in the first direction DR1. For ex-
ample, the emission area EMA and the sub-region SA
may be alternately arranged in the first direction DR1,
and each of the emission area EMA and the sub-region
SA may be repeatedly arranged in the second direction
DR2. However, the disclosure is not limited thereto, and
the arrangement of the emission areas EMA and the sub-
regions SA of the plurality of pixels PX may be different
from that shown in FIG. 9.

[0084] Light may not be emitted from the sub-region
SAbecause the light emitting element ED is not disposed
in the sub-region SA, but an electrode RME disposed in
each sub-pixel SPXn may be partially disposed in the
sub-region SA. The electrodes RME disposed in different
sub-pixels SPXn may be separated at a separation por-
tion ROP of the sub-region SA.

[0085] The display device 10 may include the plurality
of electrodes RME (e.g., RME1 and RME2), the barrier
walls BP1 and BP2, the bank layer BNL, the light emitting
elements ED, and the connection electrodes CNE (e.g.,
CNE1 and CNE2).

[0086] The plurality of barrier walls BP1 and BP2 may
be disposed in the emission area EMA of each sub-pixel
SPXn. The barrier walls BP1 and BP2 may extend sub-
stantially in the first direction DR1 and may be disposed
to be spaced apart from each other in the second direc-
tion DR2.

[0087] For example, the barrier walls BP1 and BP2
may include a first barrier wall BP1 and a second barrier
wall BP2 spaced apart from each other in the second
direction DR2 in the emission area EMA of each sub-
pixel SPXn. The first barrier wall BP1 may be disposed
on the left side with respect to the center of the emission
area EMA in a plan view, which is one side in the second
direction DR2, and the second barrier walls BP2 may be
disposed on the right side with respect to the center of
the emission area EMA in a plan view, which is the other
side in the second direction DR2, while being spaced
apart from the first barrier wall BP1. The first barrier wall
BP1 and the second barrier wall BP2 may be alternately
disposed along the second direction DR2 and may be
disposed in anisland-like patternin the display area DPA.
The plurality of light emitting elements ED may be ar-
ranged between the first barrier wall BP1 and the second
barrier wall BP2.

[0088] The lengths of the first barrier wall BP1 and the
second barrier wall BP2 in the first direction DR1 may be
the same and may be smaller than the length of the emis-
sion area EMA, which is surrounded, in a plan view, by
(or is defined by) the bank layer BNL, in the first direction
DR1. The first barrier wall BP1 and the second barrier
wall BP2 may be spaced apart from a portion of the bank
layer BNL extending in the second direction DR2. How-
ever, the disclosure is not limited thereto, and the barrier
walls BP1 and BP2 may be integrated with the bank layer
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BNL or may partially overlap the portion of the bank layer
BNL extending in the second direction DR2. In such em-
bodiments, the lengths of the barrier walls BP1 and BP2
in the first direction DR1 may be greater than or equal to
the length of the emission area EMA in the first direction
DR1.

[0089] Although it is illustrated in the drawing that two
barrier walls BP1 and BP2 are arranged for each sub-
pixel SPXn, the disclosure is not limited thereto. The
number and the shape of the barrier walls BP1 and BP2
may vary depending on the number and/or the arrange-
ment structure of the electrodes RME.

[0090] The plurality of electrodes RME (e.g., RME1
and RME2) have a shape extending in (e.g., primarily
extending in) one direction and are disposed for each
sub-pixel SPXn. The plurality of electrodes RME1 and
RME2 may extend in the first direction DR1 to be dis-
posed across the emission area EMA of the sub-pixel
SPXn and the sub-region SA and may be disposed to be
spaced apart from each other in the second direction
DR2. The plurality of electrodes RME may be electrically
connected to the light emitting elements ED, to be de-
scribed later. However, the disclosure is not limited there-
to, and the electrodes RME may not be electrically con-
nected to the light emitting element ED.

[0091] Thedisplay device 10 may include the firstelec-
trode RME1 and the second electrode RME2 arranged
in each sub-pixel SPXn. The first electrode RME1 is lo-
cated on the left side with respect to the center of the
emission area EMA in a plan view, and the second elec-
trode RMEZ2 is located on the right side with respect to
the center of the emission area EMA in a plan view while
being spaced apart from the first electrode RME1 in the
second direction DR2. The first electrode RME1 may be
disposed on the first barrier wall BP1, and the second
electrode RME2 may be disposed on the second barrier
wall BP2. The first electrode RME1 and the second elec-
trode RME2 may be partially arranged in the correspond-
ing sub-pixel SPXn and the sub-region SA over (e.g.,
overlapping) the bank layer BNL. The first electrode
RME1 and the second electrode RME2 of different sub-
pixels SPXn may be spaced or separated from each other
atthe separation portion ROP disposed in the sub-region
SA of any one sub-pixel SPXn.

[0092] Although the two electrodes RME1 and RME2
are illustrated as having a shape extending in the first
direction DR1 for each sub-pixel SPXn, the disclosure is
not limited thereto. For example, the display device 10
may have a shape in which a greater number of elec-
trodes RME are disposed in one sub-pixel SPXn or the
electrodes RME are partially bent and have different
widths depending on positions.

[0093] The bank layer BNL may be disposed to sur-
round, in a plan view, the plurality of sub-pixels SPXn,
the emission area EMA, and the sub-region SA. The bank
layer BNL may be disposed at the boundary between the
sub-pixels SPXn adjacent in the first direction DR1 and
the second direction DR2 and may also be disposed at
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the boundary between the emission area EMA and the
sub-region SA. The sub-pixels SPXn, the emission area
EMA, and the sub-region SA of the display device 10
may be the areas distinguished by the arrangement of
the bank layer BNL. The gaps between the plurality of
sub-pixels SPXn, the emission areas EMA, and the sub-
regions SA may vary depending on the width of the bank
layer BNL.

[0094] The bank layer BNL may include portions ex-
tending in the first direction DR1 and the second direction
DR2 in a plan view to be arranged in a grid pattern over
the entire surface of the display area DPA. The bank
layer BNL may be disposed along the boundaries be-
tween the sub-pixels SPXn to delimit the neighboring
sub-pixels SPXn. The bank layer BNL may also be ar-
ranged to surround, in a plan view, the emission area
EMA and the sub-region SA disposed for each sub-pixel
SPXn to delimit (or separate) them from each other. As
will be described later, the bank layer BNL may form an
area in which the color control structures of the display
device 10 are disposed.

[0095] The plurality of light emitting elements ED may
be arranged in the emission area EMA. The light emitting
elements ED may be disposed between the barrier walls
BP1 and BP2 and may be arranged to be spaced apart
from each other in the first direction DR1. In one embod-
iment, the plurality of light emitting elements ED may
have a shape extending in one direction, and both ends
(e.g., opposite ends) thereof may be disposed on differ-
ent electrodes RME. The length of the light emitting ele-
ment ED may be greater than the gap between the elec-
trodes RME spaced apart from each other in the second
direction DR2. The extension direction of the light emit-
ting elements ED may be substantially perpendicular to
the first direction DR1 in which the electrodes RME ex-
tend. However, the disclosure is not limited thereto, and
the light emitting element ED may extend in the second
direction DR2 or in a direction oblique to the second di-
rection DR2.

[0096] The plurality of connection electrodes CNE
(e.g., CNE1 and CNE2) may be disposed on the plurality
of electrodes RME and the barrier walls BP1 and BP2.
The plurality of connection electrodes CNE may have a
shape extending in one direction and may be disposed
to be spaced apart from each other. The connection elec-
trodes CNE may be in contact with the light emitting el-
ement ED and may be electrically connected to the elec-
trode RME or a conductive layer disposed thereunder.
[0097] The connection electrodes CNE may include
the first connection electrode CNE1 and the second con-
nection electrode CNE2 disposed in each sub-pixel
SPXn. The first connection electrode CNE1 may have a
shape extending in the first direction DR1 and may be
disposed on the first electrode RME1 or the first barrier
wall BP1. The first connection electrode CNE1 may par-
tially overlap the first electrode RME1 and may be dis-
posed across the emission area EMA and the sub-region
SAoverthebanklayer BNL. The second connection elec-
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trode CNE2 may have a shape extending in the first di-
rection DR1 and may be disposed on the second elec-
trode RME2 or the second barrier wall BP2. The second
connection electrode CNE2 may partially overlap the
second electrode RME2 and may be disposed across
the emission area EMA and the sub-region SA over the
bank layer BNL.

[0098] FIG. 10 is a cross-sectional view taken along
the line N1-N1’ of FIG. 9, and FIG. 11 is a cross-sectional
view taken along the line N2-N2’ of FIG. 9.

[0099] FIG. 10 illustrates a cross section across both
ends of the light emitting element ED and electrode con-
tact holes (e.g., electrode contact openings) CTD and
CTS disposed in the first sub-pixel SPX1, and FIG. 11
illustrates a cross section across both ends of the light
emitting element ED and contact portions CT1 and CT2
disposed in the first sub-pixel SPXn.

[0100] The cross-sectional structure of the display de-
vice 10 will be described with reference to FIGS. 10 and
11inadditionto FIG. 9. The display device 10 may include
a first substrate SUB and a semiconductor layer, a plu-
rality of conductive layers, and a plurality of insulating
layers disposed thereon. In addition, the display device
10 may include the plurality of electrodes RME (e.g.,
RME1 and RMEZ2), the light emitting element ED, and
the connection electrodes CNE (e.g., CNE1 and CNE2).
The semiconductor layer, the conductive layers, and the
insulating layers may each constitute a circuit layer CCL
of the display device 10.

[0101] The first substrate SUB may be an insulating
substrate. The first substrate SUB may be made of an
insulating material, such as glass, quartz, or polymerres-
in. The first substrate SUB may be a rigid substrate or
may be a flexible substrate that can be bent, folded, or
rolled. The first substrate SUB may have the display area
DPA and the non-display area NDA surrounding, in a
plan view, the display area DPA, and the display area
DPA may include the emission area EMA and the sub-
region SA, which is part of the non-emission area.
[0102] Afirst conductive layer may be disposed on the
first substrate SUB. The first conductive layer may in-
clude a lower metal layer BML, a first voltage line VL1,
and a second voltage line VL2. The lower metal layer
BML may be arranged to overlap an active layer ACT1
of a first transistor T1. The lower metal layer BML may
prevent light from entering (or being incident on) the first
active layer ACT1 of the first transistor T1 or may be
electrically connected to the first active layer ACT1 to
stabilize electrical characteristics of the first transistor T1.
However, in some embodiments, the lower metal layer
BML may be omitted.

[0103] The first voltage line VL1 may be applied with
a high potential voltage (or a first power voltage) trans-
mitted to a first electrode RME1, and the second voltage
line VL2 may be applied with a low potential voltage (or
a second power voltage) transmitted to a second elec-
trode RME2. The first voltage line VL1 may be electrically
connected to the first transistor T1 through a conductive
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pattern (e.g., a third conductive pattern CDP3) of a third
conductive layer. The second voltage line VL2 may be
electrically connected to the second electrode RME2
through a conductive pattern (e.g., a second conductive
pattern CDP2) of a third conductive layer.

[0104] Although it is illustrated in the drawing that the
first voltage line VL1 and the second voltage line VL2 are
disposed on (or in) the first conductive layer, the disclo-
sure is not limited thereto. In some embodiments, the
first voltage line VL1 and the second voltage line VL2
may be disposed on (or in) the third conductive layer and
directly electrically connected to the first transistor T1
and the second electrode RME2, respectively.

[0105] A buffer layer BL may be disposed on the first
conductive layer and the first substrate SUB. The buffer
layer BL may be formed on the first substrate SUB to
protect the transistors of the pixel PX from moisture per-
meating through the first substrate SUB, which may be
susceptible to moisture permeation, and may provide a
planar surface.

[0106] The semiconductor layer is disposed on the
buffer layer BL. The semiconductor layer may include
the first active layer ACT1 of the first transistor T1 and a
second active layer ACT2 of the second transistor T2.
The first active layer ACT1 and the second active layer
ACT2 may be disposed to partially overlap a first gate
electrode G1 and a second gate electrode G2 of a second
conductive layer, to be described later, respectively.
[0107] The semiconductor layer may include polycrys-
talline silicon, monocrystalline silicon, oxide semiconduc-
tor, and the like. In another embodiment, the semicon-
ductorlayer may include polycrystalline silicon. The oxide
semiconductor may be an oxide semiconductorincluding
indium (In). For example, the oxide semiconductor may
be atleastone of indium tin oxide (ITO), indium zinc oxide
(120), indium gallium oxide (IGO), indium zinc tin oxide
(1ZTO), indium gallium tin oxide (IGTO), indium gallium
zinc oxide (IGZO), or indium gallium zinc tin oxide (IGZ-
TO).

[0108] Although it is illustrated in the drawing that one
first transistor T1 is disposed in the sub-pixel SPXn of
the display device 10, the disclosure is not limited thereto
and the sub-pixel SPXn may include a greater number
of transistors.

[0109] A first gate insulating layer Gl is disposed on
the semiconductor layer in the display area DPA. The
first gate insulating layer Gl may act as a gate insulating
layer of each of the transistors T1 and T2. Although it is
illustrated in the drawing that the first gate insulating layer
Gl is patterned together with the gate electrodes G1 and
G2 of the second conductive layer and partially disposed
between the second conductive layer and the active lay-
ers ACT1 and ACT2 of the semiconductor layer, the dis-
closure is not limited thereto. In some embodiments, the
first gate insulating layer GI may be entirely disposed on
the buffer layer BL.

[0110] The second conductive layer is disposed on the
firstgate insulating layer Gl. The second conductive layer
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may include a first gate electrode G1 of the first transistor
T1 and a second gate electrode G2 of the second tran-
sistor T2. The first gate electrode G1 may be disposed
to overlap the channel region of the first active layer ACT1
in a third direction DR3, that is, a thickness direction, and
the second gate electrode G2 may be disposed to overlap
the channel region of the second active layer ACT2 in
the third direction DR3. The second conductive layer may
further include one electrode of the storage capacitor.
[0111] Afirstinterlayer insulating layer IL1 is disposed
on the second conductive layer. The first interlayer insu-
lating layer IL1 may act as an insulating film between the
second conductive layer and other layers disposed ther-
eon and may protect the second conductive layer.
[0112] A third conductive layer is disposed on the first
interlayer insulating layer IL1. The third conductive layer
may include a plurality of conductive patterns CDP1,
CDP2 and CDP3 and source electrodes S1 and S2 and
drain electrodes D1 and D2 of the respective transistors
T1and T2. Some of the conductive patterns CDP1, CDP2
and CDP3 may electrically connect the conductive layers
or the semiconductor layers of different layers to each
otherand actas source/drain electrodes of the transistors
T1 and T2.

[0113] The first conductive pattern CDP1 may be in
contact with the first active layer ACT1 of the first tran-
sistor T1 through a contact hole (e.g., a contact opening)
penetrating the first interlayer insulating layer IL1. The
first conductive pattern CDP1 may be in contact with the
lower metal layer BML through a contact hole (e.g., a
contactopening) penetrating the first interlayer insulating
layer IL1 and the buffer layer BL. The first conductive
pattern CDP1 may act as a first source electrode S1 of
the first transistor T1. The first conductive pattern CDP1
may be electrically connected to the first electrode RME1
or thefirstconnection electrode CNE 1. The first transistor
T1 may transmit the first power voltage applied from the
first voltage line VL1 to the first electrode RME1 or to the
first connection electrode CNE1.

[0114] The second conductive pattern CDP2 may be
in contact with the second voltage line VL2 through a
contact hole (e.g., a contact opening) penetrating the first
interlayer insulating layer IL1 and the buffer layer BL. The
second conductive pattern CDP2 may be electrically con-
nected to the second electrode RME2 or the second con-
nection electrode CNE2. The second voltage line VL2
may transmit a second power voltage to the second elec-
trode RME2 orto the second connection electrode CNE2.
[0115] The third conductive pattern CDP3 may be in
contact with the first power voltage line VL1 through a
contact hole (e.g., a contact opening) penetrating the first
interlayer insulating layer IL1 and the buffer layer BL.
Further, the third conductive pattern CDP3 may be in
contact with the first active layer ACT1 of the first tran-
sistor T1 through a contact hole (e.g., a contact opening)
penetrating the first interlayer insulating layer IL1. The
third conductive pattern CDP3 may electrically connect
the first voltage line VL1 to the first transistor T1 and act



23 EP 4 239 676 A2 24

as a first drain electrode D1 of the first transistor T1.
[0116] The second source electrode S2 and the sec-
ond drain electrode D2 may be in contact with the second
active layer ACT2 of the second transistor T2 through
contact holes (e.g., contact openings) penetrating the
first interlayer insulating layer IL1. The second transistor
T2 may transmit a data signal to the first transistor T1 or
may transmit an initialization signal.

[0117] A first passivation layer PV1 is disposed on the
third conductive layer. The first passivation layer PV1
may act as an insulating layer between the third conduc-
tive layer and other layers and may protect the third con-
ductive layer.

[0118] The bufferlayer BL, the firstgate insulating layer
Gl, the first interlayer insulating layer IL1, and the first
passivation layer PV1 described above may be formed
of a plurality of inorganic layers stacked in an alternating
manner. For example, the buffer layer BL, the first gate
insulating layer Gl, the first interlayer insulating layer IL1,
and the first passivation layer PV1 may be formed as a
double layer formed by stacking, or a multilayer formed
by alternately stacking, inorganic layers including at least
one of silicon oxide (SiO,), silicon nitride (SiN,), or silicon
oxynitride (SiOXNy). However, the disclosure is not limit-
edthereto, and the buffer layer BL, the first gate insulating
layer Gl, the first interlayer insulating layer IL1, and the
first passivation layer PV1 may be formed as a single
inorganic layer containing an above-described insulating
material. Further, in some embodiments, the first inter-
layer insulating layer IL1 may be made of an organic in-
sulating material, such as polyimide (PI) or the like.
[0119] Avialayer VIAis disposed on the third conduc-
tive layer in the display area DPA. The via layer VIA may
contain an organic insulating material, such as polyimide
(PI), and may compensate for a stepped portion formed
by the conductive layers disposed thereunder to provide
a planar top surface. However, in some embodiments,
the via layer VIA may be omitted.

[0120] The display device 10 may include, as a display
element layer disposed on the via layer VIA, the barrier
walls BP1 and BP2, the plurality of electrodes RME (e.g.,
RME1 and RME2), the bank layer BNL, the plurality of
lightemitting elements ED, and the plurality of connection
electrodes CNE (e.g., CNE1 and CNE2). In addition, the
display device 10 may include the insulating layers PAS1,
PAS2, and PAS3 disposed on the via layer VIA.

[0121] The plurality of barrier walls BP1 and BP2 may
be disposed on the via layer VIA. For example, the barrier
walls BP1 and BP2 may be directly disposed on the via
layer VIA and may have a structure (or shape) in which
at least a part thereof protrudes from the top surface of
the via layer VIA. The protruding portions of the barrier
walls BP1 and BP2 may have an inclined surface or a
curved surface with a curvature, and the light emitted
from the light emitting element ED may be reflected by
the electrode RME disposed on the barrier walls BP1 and
BP2 and emitted in the upward direction of (e.g., away
from) the via layer VIA. Different from the example illus-

10

15

20

25

30

35

40

45

50

55

13

trated in the drawing, the barrier walls BP1 and BP2 may
have a shape, such as a semicircular or semi-elliptical
shape, in which the outer surface is curved with a curva-
ture in a cross-sectional view. The barrier walls BP1 and
BP2 may include an organic insulating material, such as
polyimide (PI), but is not limited thereto.

[0122] The plurality of electrodes RME (e.g., RME1
and RME2) may be disposed on the barrier walls BP1
and BP2 and the via layer VIA. For example, the first
electrode RME1 and the second electrode RME2 may
be arranged atleast on the inclined surfaces of the barrier
walls BP1 and BP2. The widths of the plurality of elec-
trodes RME measured in the second direction DR2 may
be larger than the widths of the barrier walls BP1 and
BP2 measured in the second direction DR2, and the gap
between the first electrode RME1 and the second elec-
trode RMEZ2 in the second direction DR2 may be smaller
than the gap between the barrier walls BP1 and BP2. At
least a part of the first electrode RME1 and the second
electrode RME2 may be directly arranged on the via layer
VIA so that the first electrode RME 1 and the second elec-
trode RME2 may be arranged on the same plane.
[0123] The light emitting element ED disposed be-
tween the barrier walls BP1 and BP2 may emit light to-
ward both ends (e.g., opposite ends) thereof, and the
emitted light may be directed toward the electrodes RME
disposed on the barrier walls BP1 and BP2. The elec-
trodes RME may have a structure in which portions there-
of disposed on the barrier walls BP1 and BP2 may reflect
the light emitted from the light emitting element ED. The
first electrode RME1 and the second electrode RME2
may be arranged to cover atleast one of the side surfaces
of the barrier walls BP1 and BP2 and may reflect the light
emitted from the light emitting element ED.

[0124] The electrodes RME may be in direct contact
with the third conductive layer through the electrode con-
tact holes CTD and CTS at the portions overlapping the
bank layer BNL between the emission area EMA and the
sub-region SA. The first electrode contact hole CTD may
be formed in an area in which the bank layer BNL and
the first electrode RME1 overlap, and the second elec-
trode contacthole CTS may be formed in an areain which
the banklayer BNL and the second electrode RME2 over-
lap. The first electrode RME1 may be in contact with the
first conductive pattern CDP1 through the first electrode
contact hole CTD penetrating the via layer VIA and the
first passivation layer PV1. The second electrode RME2
may be in contact with the second conductive pattern
CDP2 through the second electrode contact hole CTS
penetrating the via layer VIA and the first passivation
layer PV1. The first electrode RME1 may be electrically
connected to the first transistor T1 through the first con-
ductive pattern CDP1 so that the first power voltage may
be applied to the first electrode RME1, and the second
electrode RME2 may be electrically connected to the sec-
ond voltage line VL2 through the second conductive pat-
tern CDP2 so that the second power voltage may be ap-
plied to the second electrode RME2. However, the dis-
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closure is not limited thereto. In another embodiment, the
electrodes RME1 and RME2 may not be electrically con-
nected to the first and second conductive patterns CDP1
and CDP2 of the third conductive layer, respectively, and
the connection electrode CNE, to be described later, may
be directly connected to the third conductive layer.
[0125] The plurality of electrodes RME may include a
conductive material having high reflectivity. Forexample,
the electrodes RME may include a metal, such as silver
(Ag), copper (Cu), or aluminium (Al), or may include an
alloy including aluminium (Al), nickel (Ni), lanthanum
(La), or the like. In some embodiments, the electrodes
RME may have a structure in which a metal layer, such
as titanium (Ti), molybdenum (Mo), and niobium (Nb),
and the alloy are stacked. In some embodiments, the
electrodes RME may be formed as a double layer or a
multilayer structure formed by stacking atleast one metal
layer made of an alloy including aluminium (Al) and tita-
nium (Ti), molybdenum (Mo), and niobium (Nb).

[0126] The disclosure is not limited thereto, and each
electrode RME may further include a transparent con-
ductive material. For example, each electrode RME may
include a material such as ITO, 1ZO, and ITZO. In some
embodiments, each of the electrodes RME may have a
structure in which at least one transparent conductive
material and at least one metal layer having high reflec-
tivity are stacked or may be formed as one layerincluding
them. For example, each electrode RME may have a
stacked structure of ITO/Ag/ITO, ITO/Ag/1ZO, ITO/Ag/IT-
Z0/1ZO, or the like. The electrodes RME may be electri-
cally connected to the light emitting element ED and may
reflect some of the light emitted from the light emitting
element ED in an upward direction of (e.g., away from)
the first substrate SUB.

[0127] Thefirstinsulatinglayer PAS1 may be disposed
in the entire display area DPA and may be disposed on
the via layer VIA and the plurality of electrodes RME. The
first insulating layer PAS1 may include an insulating ma-
terial to protect the plurality of electrodes RME and insu-
late the different electrodes RME from each other. The
first insulating layer PAS1 is disposed to cover the elec-
trodes RME before the bank layer BNL is formed so that
the electrodes RME are not damaged in a process of
forming the bank layer BNL. In addition, thefirstinsulating
layer PAS1 may prevent the light emitting element ED
disposed thereon from being damaged by direct contact
with other members.

[0128] In an embodiment, the first insulating layer
PAS1 may have stepped portions such that the top sur-
face thereof is partially depressed (or recessed) between
the electrodes RME that are spaced apart in the second
direction DR2. The light emitting element ED may be dis-
posed on the top surface of the first insulating layer PAS1
at where the stepped portions are formed, and thus, a
space may remain between the light emitting element
ED and the first insulating layer PAS1.

[0129] The firstinsulating layer PAS1 may include the
contact portions CT1 and CT2 disposed in the sub-region
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SA. The contact portions CT1 and CT2 may be disposed
to overlap different electrodes RME, respectively. For ex-
ample, the contact portions CT1 and CT2 may include
first contact portions CT1 disposed to overlap the first
electrode RME1 and second contact portions CT2 dis-
posed to overlap the second electrode RME2. The first
contact portions CT1 and the second contact portions
CT2 may penetrate the first insulating layer PAS1 to par-
tially expose the top surface of the first electrode RME1
or the second electrode RME2 thereunder. Each of the
first contact portion CT1 and the second contact portion
CT2 may further penetrate some of the other insulating
layers disposed on the first insulating layer PAS1. The
electrode RME exposed by each of the contact portions
CT1 and CT2 may be in contact with the connection elec-
trode CNE.

[0130] The bank layer BNL may be disposed on the
first insulating layer PAS1. The bank layer BNL may in-
clude portions extending in the first direction DR1 and
the second direction DR2 and may surround, in a plan
view, the sub-pixels SPXn. The bank layer BNL may sur-
round, in a plan view, and distinguish (e.g., define) the
emission area EMA and the sub-region SA of each sub-
pixel SPXn and may surround, in a plan view, the outer-
most part of the display area DPA and distinguish (e.g.,
define) the display area DPA and the non-display area
NDA.

[0131] Similar to the barrier walls BP1 and BP2, the
bank layer BNL may have a height. In some embodi-
ments, a top surface of the bank layer BNL may be higher
than that of the barrier walls BP1 and BP2, and the thick-
ness of the bank layer BNL may be equal to or greater
than that of the barrier walls BP1 and BP2. The bank
layer BNL may prevent ink from overflowing to adjacent
sub-pixels SPXn during an inkjet printing process during
the manufacturing process of the display device 10. Sim-
ilar to the barrier walls BP1 and BP2, the bank layer BNL
may include an organic insulating material, such as poly-
imide.

[0132] The light emitting elements ED may be ar-
ranged in the emission area EMA. The light emitting el-
ements ED may be disposed on the first insulating layer
PAS1 between the barrier walls BP1 and BP2. The light
emitting element ED may be disposed such that one di-
rection in which the light emitting element ED extends is
parallel to the top surface of the first substrate SUB. As
will be described later, the light emitting element ED may
include a plurality of semiconductor layers arranged
along one direction in which the light emitting element
ED extends, and the plurality of semiconductor layers
may be sequentially arranged along the direction parallel
to the top surface of the first substrate SUB. However,
the disclosure is not limited thereto, and the plurality of
semiconductor layers of the light emitting element ED
may be arranged in a direction perpendicular to the first
substrate SUB when the light emitting element ED has
another structure.

[0133] Thelightemitting elements ED disposed ineach
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sub-pixel SPXn may emit light of different wavelength
bands depending on a material constituting the semicon-
ductor layer. However, the disclosure is not limited there-
to, and the light emitting elements ED arranged in each
sub-pixel SPXn may include the semiconductor layer of
the same material and emit light of the same color.
[0134] In one embodiment, in the display device 10,
the sub-pixels SPXn emitting different color light may in-
clude the light emitting elements ED emitting light of the
same color. The first sub-pixel SPX1, the second sub-
pixel SPX2, the third sub-pixel SPX3, and the fourth sub-
pixel SPX4 may include the same type of light emitting
elements ED. The light emitted from the emission areas
EMA of the sub-pixels SPXn may be the same color light
(e.g., blue light of the third color). As will be described
later, the blue light of the third color emitted from the light
emitting element ED may be converted to light of another
color by the color control structures disposed thereon. A
detailed description thereof will be given later with refer-
ence to other drawings.

[0135] However, the sub-pixels SPXn of the display
device 10 may not necessarily include the same type of
light emitting elements ED. For example, the light emit-
ting elements ED emitting lights of different colors may
be disposed in each sub-pixel SPXn. For example, in the
second sub-pixel SPX2, the light emitting elements ED
emitting different color light may be disposed to corre-
spond to different sub light transmitting areas STA1,
STAZ2, and STA3. Adescription thereof may refer to other
embodiments.

[0136] The light emitting elements ED may be electri-
cally connected to the electrode RME and the conductive
layers below the via layer VIA while being in contact with
the connection electrodes CNE (e.g., CNE1 and CNE2)
and may emit light of a specific wavelength band by re-
ceiving an (e.g., according to a received) electrical signal.
[0137] The second insulating layer PAS2 may be dis-
posed on the plurality of light emitting elements ED, the
first insulating layer PAS1, and the bank layer BNL. The
second insulating layer PAS2 may include a pattern por-
tion disposed on the plurality of light emitting elements
ED while extending in the first direction DR1 between the
barrier walls BP1 and BP2. The pattern portion is dis-
posed to partially surround the outer surface of the light
emitting element ED and may not cover (e.g., may ex-
pose) both sides or both ends (e.g., opposite end) of the
light emitting element ED. The pattern portion may form
a linear or island-like pattern in each sub-pixel SPXn in
a plan view. The pattern portion of the second insulating
layer PAS2 may protect the light emitting element ED
and may fix the light emitting elements ED during a man-
ufacturing process of the display device 10. Further, the
second insulating layer PAS2 may be disposed to fill the
space between the light emitting element ED and the first
insulating layer PAS1 thereunder. A part of the second
insulating layer PAS2 may be disposed on the bank layer
BNL and in the sub-regions SA.

[0138] The second insulating layer PAS2 may include
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the contact portions CT1 and CT2 disposed in the sub-
region SA. The second insulating layer PAS2 may in-
clude the first contact portion CT1 disposed to overlap
the first electrode RME1 and the second contact portion
CT2 disposed to overlap the second electrode RME2.
The contact portions CT1 and CT2 may penetrate the
second insulating layer PAS2 in addition to the first insu-
lating layer PAS1. The plurality of first contact portions
CT1 and the plurality of second contact portions CT2 may
partially expose the top surface of the first electrode
RME1 or the second electrode RME2 disposed thereun-
der.

[0139] The plurality of connection electrodes CNE
(e.g., CNE1 and CNE2) may be disposed on the plurality
of electrodes RME and the barrier walls BP1 and BP2.
The first connection electrode CNE1 may be disposed
on the first electrode RME1 and the first barrier wall BP1.
The first connection electrode CNE1 may partially over-
lap the first electrode RME1 and may be disposed across
the emission area EMA and the sub-region SA over the
bank layer BNL. The second connection electrode CNE2
may be disposed on the second electrode RME2 and the
second barrier wall BP2. The second connection elec-
trode CNE2 may partially overlap the second electrode
RME2 and may be disposed across the emission area
EMA and the sub-region SA over the bank layer BNL.
[0140] Each ofthe firstconnection electrode CNE1 and
the second connection electrode CNE2 may be disposed
on the second insulating layer PAS2 and may be in con-
tact with the light emitting elements ED. The first connec-
tion electrode CNE1 may partially overlap the first elec-
trode RME1 and may be in contact with one end of the
light emitting elements ED. The second connection elec-
trode CNE2 may partially overlap the second electrode
RME2 and may be in contact with the other end of the
light emitting elements ED. The plurality of connection
electrodes CNE are disposed across the emission area
EMA and the sub-region SA. The connection electrodes
CNE may be in contact with the light emitting elements
ED at portions disposed in the emission area EMA and
may be electrically connected to the third conductive lay-
er at portions disposed in the sub-region SA. The first
connection electrode CNE1 may be in contact with a first
end of the light emitting element ED, and the second
connection electrode CNE2 may be in contact with a sec-
ond end of the light emitting element ED.

[0141] Inaccordance with one embodiment, in the dis-
play device 10, the connection electrodes CNE may be
in contact with the electrode RME through the contact
portions CT1 and CT2 disposed in the sub-region SA.
The first connection electrode CNE1 may be in contract
with the first electrode RME1 through the first contact
portion CT1 penetrating the first insulating layer PAS1,
the second insulating layer PAS2, and the third insulating
layer PAS3 in the sub-region SA. The second connection
electrode CNE2 may be in contact with the second elec-
trode RME2 through the second contact portion CT2 pen-
etrating the first insulating layer PAS1 and the second
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insulating layer PAS2 in the sub-region SA. Each of the
connection electrodes CNE may be electrically connect-
ed to the third conductive layer through each of elec-
trodes RME. The first connection electrode CNE1 may
be electrically connected to the first transistor T1 so that
the first power voltage may be applied to the first con-
nection electrode CNE1, and the second connection
electrode CNE2 may be electrically connected to the sec-
ond voltage line VL2 so that the second power voltage
may be applied to the second connection electrode
CNEZ2. Each connection electrode CNE may be in contact
with the light emitting element ED in the emission area
EMA to transmit the power voltage to the light emitting
element ED.

[0142] However, the disclosure is not limited thereto.
In some embodiments, the plurality of connection elec-
trodes CNE may be in direct contact with the third con-
ductive layer and may be electrically connected to the
third conductive layer through patterns other than the
electrodes RME.

[0143] The connection electrodes CNE may include a
conductive material. For example, the connection elec-
trodes CNE may include ITO, IZO, ITZO, aluminium (Al),
or the like. As an example, the connection electrodes
CNE may include a transparent conductive material, and
light emitted from the light emitting element ED may pass
through the connection electrodes CNE to be emitted.
[0144] The third insulating layer PAS3 is disposed on
the second connection electrode CNE2 and the second
insulating layer PAS2. The third insulating layer PAS3
may be disposed on the entire second insulating layer
PAS2 to cover the second connection electrode CNE2,
and the first connection electrode CNE1 of the second
connection electrode layer may be disposed on the third
insulating layer PAS3. The third insulating layer PAS3
may insulate the first connection electrode CNE1 and the
second connection electrode CNE2 to preventdirect con-
tact therebetween.

[0145] The third insulating layer PAS3 may include the
first contact portions CT1 disposed in the sub-region SA.
The first contact portion CT1 may penetrate the third in-
sulating layer PAS3 in addition to the first insulating layer
PAS1 and the second insulating layer PAS2. The plurality
of first contact portions CT1 may partially expose the top
surface of the first electrode RME 1 disposed thereunder.
[0146] In some embodiments, another insulating layer
may be further disposed on the third insulating layer
PAS3 and the first connection electrode CNE1. The in-
sulating layer may protect the members disposed on the
first substrate SUB against the external environment.
[0147] Each of the first insulating layer PAS1, the sec-
ond insulating layer PAS2, and the third insulating layer
PAS3 described above may include an inorganic insu-
lating material or an organic insulating material. For ex-
ample, each of the first insulating layer PAS1, the second
insulating layer PAS2, and the third insulating layer PAS3
may include an inorganic insulating material. In other em-
bodiments, the first insulating layer PAS1 and the third
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insulatinglayer PAS3 may include aninorganic insulating
material, and the second insulating layer PAS2 may in-
clude an organic insulating material. Each or atleast one
of the first insulating layer PAS1, the second insulating
layer PAS2, and the third insulating layer PAS3 may have
a structure in which a plurality of insulating layers are
stacked alternately or repeatedly. In an embodiment,
each of the first insulating layer PAS1, the second insu-
lating layer PAS2, and the third insulating layer PAS3
may be any one of silicon oxide (SiO,), silicon nitride
(SiN,), and silicon oxynitride (SiOXNy). Thefirstinsulating
layer PAS1, the second insulating layer PAS2, and the
third insulating layer PAS3 may be made of the same
material or different materials. In some embodiments,
some of them may be made of the same material and
some of them may be made of different materials.
[0148] In accordance with one embodiment, the dis-
play device 10 may further include color control struc-
tures TPL and WCL (see, e.g., FIG. 12) and a color filter
layer CFL (see, e.g., FIGS. 13 and 14) disposed on the
light emitting elements ED. The light emitted from the
light emitting element ED may be emitted through (e.g.,
may transmit through) the color control structures TPL
and WCL and the color filter layer CFL, and different color
light may be emitted in each sub-pixel SPXn even if the
same type of light emitting elements ED are disposed in
each sub-pixel SPXn.

[0149] FIG. 12 is a plan view illustrating wavelength
conversion layers and light transmitting layers disposed
in one pixel of a display device according to one embod-
iment, FIG. 13 is a cross-sectional view taken along the
line N3-N3’ in FIG. 12, and FIG. 14 is a cross-sectional
view taken along the line N4-N4’ of FIG. 12.

[0150] FIG. 12illustrates arelative planar arrangement
of the color control structures WCL and TPL with respect
to the bank layer BNL, the electrodes RME1 and RME2,
and the light emitting elements ED disposed in the sub-
pixels SPXn of one pixel PX. FIG. 13 illustrates a cross
section across the color control structures disposed in
the first to fourth sub-pixels SPX1, SPX2, SPX3, and
SPX4 in the second direction DR2, and FIG. 14 illustrates
a cross section across the color control structures dis-
posed in the second sub-pixel SPX2 in the first direction
DR1. In FIGS. 13 and 14, the shapes of the barrier walls
BP1 and BP2, the electrodes RME1 and RME2, the bank
layer BNL, the light emitting elements ED, and the con-
nection electrodes CNE1 and CNE2 disposed in each
sub-pixel SPXn are illustrated in a simplified manner, and
only the first insulating layer PAS1 from among the insu-
lating layers PAS1, PAS2 and PAS3 is illustrated. A de-
tailed arrangement structure thereof will be understood
with reference to FIGS. 10 and 11.

[0151] Referring to FIGS. 12 to 14, the display device
10 may include the light emitting elements ED disposed
on the first substrate SUB with the color control structures
TPL and WCL and the color filter layers CFL disposed
thereon. The display device 10 may further include a plu-
rality of layers disposed between the color control struc-
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tures TPL and WCL and the color filter layer CFL and a
plurality of layers disposed thereon.

[0152] The fourth insulating layer PAS4 may be dis-
posed on the third insulating layer PAS3, the connection
electrodes CNE1 and CNE2, and the bank layer BNL.
The fourth insulating layer PAS4 may protect the light
emitting elements ED disposed on the first substrate
SUB. However, in some embodiments, the fourth insu-
lating layer PAS4 may be omitted.

[0153] An upper bank layer UBN, the color control
structures TPL and WCL, color patterns CP1, CP2, and
CP3, and the color filter layer CFL may be disposed on
the fourth insulating layer PAS4. Capping layers CPL1
and CPL2, alow refractive layer LRL, and a planarization
layer PNL may be disposed between the color control
structures TPL and WCL and the color filter layer CFL,
and an overcoat layer OC may be disposed on the color
filter layer CFL.

[0154] The sub-pixels SPXn of the display device 10
may include the plurality of light transmitting areas TA
(e.g., TA1, TA2, TA3, and TA4) in which the color filter
layer CFL is disposed to emit light, and the light blocking
area BA disposed between the light transmitting areas
TA and atwhere lightis not emitted. The light transmitting
area TA may be disposed to correspond to a part of the
emission region EMA of each sub-pixel SPXn, and the
light blocking area BA may be an area other than the light
transmitting area TA. For example, the light blocking area
BA may surround, in a plan view, each of the light trans-
mitting areas TA.

[0155] The upperbanklayer UBN may be disposed on
the fourth insulating layer PAS4 to overlap the bank layer
BNL. The upper bank layer UBN may include portions
extending in the first and second directions DR1 and DR2
to be arranged in (or to form) a grid pattern. The upper
bank layer UBN may surround, in a plan view, the emis-
sion area EMA or a portion where the light emitting ele-
ments ED are disposed. The upper bank layer UBN may
form an area in which the color control structures TPL
and WCL are disposed.

[0156] The color control structures TPL and WCL may
be disposed in an area surrounded, in a plan view, by
the upper bank layer UBN on the fourth insulating layer
PAS4. Although FIG. 12 illustrates an embodiment in
which the color control structures TPL and WCL are
spaced apart from the bank layer BNL by a gap (e.g., a
predetermined gap), in some sub-pixels SPXn, the color
control structures TPL and WCL may be disposed to fill
the area surrounded, in a plan view, by the bank layer
BNL and the upper bank layer UBN. The color control
structures TPL and WCL may be disposed to be in direct
contact with the inner sides of the upper bank layer UBN.
The color control structures TPL and WCL may be dis-
posed in the light transmitting area TA surrounded, in a
plan view, by the upper bank layer UBN to form an island-
like pattern in the display area DPA. However, the dis-
closure is not limited thereto, and the color control struc-
tures TPL and WCL may be arranged over the plurality
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of sub-pixels SPXn while extending in one direction to
form a linear pattern.

[0157] In an embodimentin which the light emitting el-
ement ED of each sub-pixel SPXn emits blue light of the
third color, the color control structures TPL and WCL may
include a plurality of wavelength conversion layers WCL
(e.g., WCL1, WCL2, WCL3, and WCL4) and a plurality
of light transmitting layers TPL (e.g., TPL1 and TPL2).
The wavelength conversion layer WCL may include a
first wavelength conversion layer WCL1 disposed in the
first sub-pixel SPX1, a second wavelength conversion
layer WCL2 and a third wavelength conversion layer
WCL3 disposed in the second sub-pixel SPX2, and a
fourth wavelength conversion layer WCL4 disposed in
the third sub-pixel SPX3. The light transmitting layer TPL
may include a first light transmitting layer TPL1 disposed
in the second sub-pixel SPX2 and a second light trans-
mitting layer TPL2 disposed in the fourth sub-pixel SPX4.
The first wavelength conversion layer WCL1 may be dis-
posed in the first light transmitting area TA1, and the sec-
ond wavelength conversion layer WCL2 may be dis-
posed in the first sub light transmitting area STA1 of the
second light transmitting area TA2. The third wavelength
conversion layer WCL3 may be disposed in the second
sub light transmitting area STA2 of the second light trans-
mitting area TA2, and the fourth wavelength conversion
layer WCL4 may be disposed in the third light transmitting
area TA3 of the third sub-pixel SPX3. The firstlight trans-
mitting layer TPL1 may be disposed in the third sub light
transmitting area STA3 of the second sub-pixel SPX2,
and the second light transmitting layer TPL2 may be dis-
posed in the fourth light transmitting area TA4 of the
fourth sub-pixel SPX4.

[0158] The first wavelength conversion layer WCLA1
and the second wavelength conversion layer WCL2 may
include a first base resin BRS1 and a first wavelength
conversion material WCP1 disposed in the first base res-
in BRS1. The third wavelength conversion layer WCL3
and the fourth wavelength conversion layer WCL4 may
include a second base resin BRS2 and a second wave-
length conversion material WCP2 disposed in the second
base resin BRS2. The wavelength conversion layer WCL
may transmit the blue light of the third color incident from
the light emitting element ED while converting (e.g., con-
figured to convert) the wavelength thereof. The wave-
length conversion layer WCL may further include a scat-
terer SCP in (e.g., suspended in) each base resin, and
the scatterer SCP may increase wavelength conversion
efficiency.

[0159] The first light transmitting layer TPL1 and the
second light transmitting layer TPL2 may include a third
base resin BRS3 and a scatterer SCP disposed in the
third base resin BSR3. The light transmitting layer TPL
may transmit the blue light of the third color incident from
the light emitting element ED while maintaining the wave-
length thereof. The scatterer SCP of the light transmitting
layer TPL may control an emission path of the light emit-
ted through the light transmitting layer TPL. The light
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transmitting layer TPL may notinclude a wavelength con-
version material.

[0160] The scatterer SCP may be ametal oxide particle
or an organic particle. Examples of the metal oxide may
include titanium oxide (TiO,), zirconium oxide (ZrO,),
aluminium oxide (Al,Os), indium oxide (In,03), zinc oxide
(Zn0), tin oxide (SnO,), and the like. Examples of a ma-
terial of the organic particles may include acrylic resin,
urethane resin, and the like.

[0161] The first to third base resins BRS1, BRS2, and
BRS3 may include a light transmitting organic material.
For example, the first to third base resins BRS1, BRS2,
and BRS3 may include an epoxy resin, an acrylic resin,
a cardo resin, an imide resin, or the like. The first to third
base resins BRS1, BRS2, and BRS3 may be formed of
the same material, but the disclosure is not limited there-
to.

[0162] Thefirstwavelength conversion material WCP1
may convert the blue light of the third color into the red
light of the first color, and the second wavelength con-
version material WCP2 may convert the blue light of the
third color into the green light of the second color. The
first wavelength conversion material WCP1 and the sec-
ond wavelength conversion material WCP2 may be
quantum dots, quantum bars, phosphors or the like. Ex-
amples of the quantum dot may include group IV nanoc-
rystals, group II-VI compound nanocrystals, group IlI-V
compound nanocrystals, group 1V-VI nanocrystals, and
a combination thereof.

[0163] In some embodiments, the color control struc-
tures TPL and WCL may be formed by an inkjet printing
process or a photoresist process. The color control struc-
tures TPL and WCL may be formed by a process of spray-
ing or coating materials thereof into the area surrounded
by the upper bank layer UBN and performing drying or
exposure and development. For example, in an embod-
iment in which the color control structures TPL and WCL
are formed by an inkjet printing process is illustrated, and
the top surfaces of the layers of the color control struc-
tures TPL and WCL are not flat and the edges adjacent
to the upper bank layer UBN may be higher than the
central portions is shown. However, the disclosure is not
limited thereto. In an embodiment in which the color con-
trol structures TPL and WCL are formed by a photoresist
process, the top surfaces of the layers of the color control
structures TPL and WCL may be flat and the edges ad-
jacent to the upper bank layer UBN may be parallel to
the top surface of the upper bank layer UBN or the central
portions of the color control structures TPL and WCL may
be higher different from the illustrated embodiment.
[0164] The first wavelength conversion layer WCL1
and the fourth wavelength conversion layer WCL4 may
be disposed in the first sub-pixel SPX1 and the third sub-
pixel SPX3, respectively. The first wavelength conver-
sion layer WCL1 may be disposed on the first emission
area EMA1 of the first sub-pixel SPX1 and may be dis-
posed in the area in which the bank layer BNL and the
upper bank layer UBN surround, in a plan view, the first
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sub-pixel SPX1. The fourth wavelength conversion layer
WCL4 may be disposed on the third emission area EMA3
of the third sub-pixel SPX3 and may be disposed in the
area in which the bank layer BNL and the upper bank
layer UBN surround, in a plan view, the third sub-pixel
SPX3. Similarly, the second light transmitting layer TPL2
may be disposed in the fourth sub-pixel SPX4, and may
be disposed in the area in which the bank layer BNL and
the upper bank layer UBN surround, in a plan view, the
fourth sub-pixel SPX4 on the fourth emission area EMA4.
The firsttransmitting area TA1 of the first sub-pixel SPX1,
the third transmitting area TA3 of the third sub-pixel
SPX3, and the fourth transmitting area TA4 of the fourth
sub-pixel SPX4 may be defined by the arrangement of
the color control structures TPL and WCL disposed in
each sub-pixel SPXn and the color filter layer CFL, to be
described later.

[0165] Each of the second wavelength conversion lay-
er WCL2, the third wavelength conversion layer WCL3,
and the first light transmitting layer TPL1 may be dis-
posed in the second sub-pixel SPX2. The second wave-
length conversion layer WCL2, the third wavelength con-
version layer WCL3, and the first light transmitting layer
TPL1 may be disposed in the second emission area
EMA2 and may be disposed in the area in which the bank
layer BNL and the upper bank layer UBN surround, in a
plan view, the second sub-pixel SPX2. In one embodi-
ment, the second wavelength conversion layer WCL2,
the third wavelength conversion layer WCL3, and the first
light transmitting layer TPL1 may be disposed to be
spaced apart from each other in the first direction DR1
in the second sub-pixel SPX2. The second wavelength
conversion layer WCL2 may be disposed on the upper
side in the drawings, that is, one side in the first direction
DR1 in the second emission area EMAZ2 of the second
sub-pixel SPX2, the third wavelength conversion layer
WCL3 may be disposed at the central portion in the draw-
ings or the central area of the second emission area
EMAZ2, and the first light transmitting layer TPL1 may be
disposed on the lower side in the drawings, that is, the
otherside in thefirstdirection DR1 in the second emission
area EMA2. The second light transmitting area TA2 of
the second sub-pixel SPX2 may include the plurality of
sub light transmitting areas STA1, STA2, and STA3, and
they may be defined by the arrangement of different color
control structures TPL and WCL disposed in the second
sub-pixel SPXn and the color filter layer CFL, to be de-
scribed later. For example, a portion of the second trans-
mitting area TA2 overlapping the second wavelength
conversion layer WCL2 may be the first sub light trans-
mitting area STA1, a portion thereof overlapping the third
wavelength conversion layer WCL3 may be the second
sub light transmitting area STA2, and a portion thereof
overlapping the first light transmitting layer TPL1 may be
the third sub light transmitting area STAS3.

[0166] The display device 10 may include a first type
sub-pixel, such as the first sub-pixel SPX1, the third sub-
pixel SPX3, and the fourth sub-pixel SPX4, in which one
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type of color control structures TPL and WCL are dis-
posed in the area surrounded, in a plan view, by the bank
layer BNL and the upper bank layer UBN, and a second
type sub-pixel, such as the second sub-pixel SPX2, in
which two or more different types of color control struc-
tures TPL and WCL are disposed in the area surrounded,
in a plan view, by the bank layer BNL and the upper bank
layer UBN.

[0167] Thelightemittingelements ED disposedineach
sub-pixel SPXn may be disposed to overlap the color
control structures TPL and WCL thereon, and the light
emitted from the light emitting elements ED may be inci-
dent on the color control structures TPL and WCL. In the
first type sub-pixels, light of a specific color or light of a
specific wavelength band may be emitted from the light
transmitting area TA depending on types of the color con-
trol structures TPL and WCL disposed therein. On the
other hand, in the second type sub-pixel, different color
or light of different wavelength bands may be simultane-
ously emitted, or mixed light thereof, may be emitted from
the transmitting area TA depending on the two or more
different types of color control structures TPL and WCL.
[0168] For example, the light emitting element ED of
each sub-pixel SPXn may emit the blue light of the same
third color, and the sub-pixels SPXn may emit light of
different colors. The light emitted from the light emitting
element ED disposed in the first sub-pixel SPX1 may be
incident on the first wavelength conversion layer WCL1,
the light emitted from the light emitting element ED dis-
posed in the third sub-pixel SPX3 may be incident on the
fourth wavelength conversion layer WCL4, and the light
emitted from the light emitting element ED disposed in
the fourth sub-pixel SPX4 may be incident on the second
light transmitting layer TPL2. The light incident on the
first wavelength conversion layer WCL1 may be convert-
ed to red light, the light incident on the fourth wavelength
conversion layer WCL4 may be converted to green light,
and the lightincident on the second light transmitting lay-
er TPL2 may be transmitted as the same blue light without
wavelength conversion. Even if the first sub-pixel SPX1,
the third sub-pixel SPX3, and the fourth sub-pixel SPX4
include the light emitting elements ED emitting light of
the same color, they may emit light of different colors
depending on the arrangement of the color control struc-
tures TPL and WCL disposed thereon.

[0169] Some of the light emitting elements ED dis-
posed in the second sub-pixel SPX2 may be disposed
to overlap the second wavelength conversion layer
WCL2, some others thereof may be disposed to overlap
the third wavelength conversion layer WCL3, yet some
others thereof may be disposed to overlap the first light
transmitting layer TPL1. The light emitted from some of
the light emitting elements ED of the second sub-pixel
SPX2 may be incident on the second wavelength con-
version layer WCL2, the light emitted from some other
light emitting elements ED may be incident on the third
wavelength conversion layer WCL3, and the light emitted
from yet some other light emitting elements ED may be
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incident on the first light transmitting layer TPL1. The
second wavelength conversion layer WCL2 may convert
the blue light of the third color emitted from the light emit-
ting element ED to the red light of the first color, and the
red light of the first color may be emitted from the first
sub light transmitting area STA1. The third wavelength
conversion layer WCL3 may convert the blue light of the
third color emitted from the light emitting element ED to
the green light of the second color, and the green light
of the second color may be emitted from the second sub
light transmitting area STA2. The first light transmitting
layer TPL1 may not convert the blue light of the third color
emitted from the light emitting element ED, and the blue
light of the third color may be emitted from the third sub
light transmitting area STA3. In the second sub-pixel
SPX2, the sub light transmitting area STA1, STA2, and
STA3 may emit different color light, and the second light
transmitting area TA2 may emit different color light si-
multaneously or may emit mixed light thereof (e.g., white
light).

[0170] The first capping layer CPL1 may be disposed
on the plurality of color control structures TPL and WCL
and the upper bank layer UBN. The first capping layer
CPL1 may prevent impurities, such as moisture or air,
from permeating from the outside and damaging or con-
taminating the color control structures TPL and WCL.
The first capping layer CPL1 may contain an inorganic
insulating material.

[0171] The first capping layer CPL1 may be disposed
to cover the color control structures TPL and WCL and
may be disposed along the stepped portion formed by
them. In the first sub-pixel SPX1, the third sub-pixel
SPX3, and the fourth sub-pixel SPX4, the color control
structures TPL and WCL may be disposed to fill the area
surrounded, in a plan view, by the upper bank layer UBN,
and the first capping layer CPL1 may be disposed to ex-
tend from top surfaces of the color control structures TPL
and WCL to a top surface of the upper bank layer UBN.
On the other hand, in the second sub-pixel SPX2, the
color control structures TPL and WCL (e.g., the second
wavelength conversion layer WCL2, the third wavelength
conversion layer WCL3, and the first light transmitting
layer TPL1) may be disposed in the area surrounded, in
a plan view, by the upper bank layer UBN while being
spaced apart from each other. The color control struc-
tures TPL and WCL of the second sub-pixel SPX2 may
not be disposed to completely fill the area surrounded,
in a plan view, by the upper bank layer UBN, and the first
capping layer CPL1 may be directly disposed on the
fourth insulating layer PAS4 between the color control
structures TPL and WCL spaced apart from each other.
In an embodiment in which the fourth insulating layer
PAS4 is omitted, the first capping layer CPL1 may be
directly disposed on any one of the third insulating layer
PAS3 and the connection electrode CNE. The first cap-
ping layer CPL1 may completely cover the color control
structures TPL and WCL while being disposed between
the color control structures TPL and WCL that are spaced
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apart from each other in the second sub-pixel SPX2.
[0172] The low refractive layer LRL may be disposed
on the first capping layer CPL1. The low refractive layer
LRL is an optical layer for recycling the light having trans-
mitted the color control structures TPL and WCL and may
improve the light emission efficiency and the color purity
of the display device 10. The low refractive layer LRL
may be made of an organic material having a low refrac-
tive index and may compensate the stepped portion
formed by the color control structures TPL and WCL and
the upper bank layer UBN.

[0173] The second capping layer CPL2 may be dis-
posed on the low refractive layer LRL and may prevent
impurities, such as moisture, air or the like, from perme-
ating from the outside and damaging or contaminating
the low refractive layer LRL. The second capping layer
CPL2may include aninorganic insulating material similar
to the first capping layer CPL1.

[0174] The planarization layer PNL may be disposed
across the entire display area DPA and the entire non-
display area NDA on the second capping layer CPL2.
The planarization layer PNL may overlap the color control
structures TPL and WCL in the display area DPA. The
planarization layer PNL may protect the members dis-
posed on the first substrate SUB in addition to the plurality
of capping layers CPL1 and CPL2 and the low refractive
layer LRL and may partially compensate for the stepped
portion formed by them. For example, the planarization
layer PNL may compensate for the stepped portion
formed by the color control structures TPL and WCL, the
upper bank layer UBN, and the bank layer BNL that are
disposed thereunder in the display area DPA so that the
color filter layers CFL disposed thereon may be formed
on a flat surface.

[0175] A plurality of color filter layers CFL (e.g., CFL1,
CFL2, CFL3, CFL4, CFL5, and CFL6) may be disposed
on the planarization layer PNL. The color filter layers CFL
may be disposed in the light transmitting area TA or the
sub light transmitting areas STA1, STA2, and STA3 in
the sub-pixel SPXn and may be disposed to partially ex-
tend to the light blocking area BA. The color filter layer
CFL may overlap other color filter layers CFL or the color
patterns CP1, CP2, and CP3 in the light blocking area
BA. A portion in which the color filter layer CFL does not
overlap another color filter layer CFL may be the light
transmitting area TA in which light is emitted, and the
area in which different color filter layers CFL overlap or
the color patterns CP1, CP2, and CP3 are disposed may
be the light blocking area BA in which the emission of
the light is blocked.

[0176] The color filter layer CFL may include a first
color filter layer CFL1 disposed in the first sub-pixel
SPX1, second to fourth color filter layers CFL2, CFL3,
and CFL4 disposed in the second sub-pixel SPX2, a fifth
color filter layer CFL5 disposed in the third sub-pixel
SPX3, and a sixth color filter layer CFL6 disposed in the
fourth sub-pixel SPX4. The color filter layer CFL may be
disposed in an island-like pattern to correspond to the
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light transmitting area TA or the emission area EMA.
However, the disclosure is not limited thereto. The color
filter layer CFL may be disposed across the plurality of
light transmitting areas TA or emission areas EMA to
form a linear pattern.

[0177] The color filter layer CFL may contain a color-
ant, such as a dye or a pigment, that absorbs light of a
wavelength other than a specific wavelength. The color
filter layer CFL may transmit only some of the light inci-
dent on the color filter layer CFL in the sub-pixel SPXn.
Each sub-pixel SPXn of the display device 10 may se-
lectively display only the light that has transmitted the
color filter layer CFL. In an embodiment, the first color
filter layer CFL1 and the second color filter layer CFL2
may be red color filter layers, the third color filter layer
CFL3 and the fifth color filter layer CFL5 may be green
color filter layers, and the fourth color filter layer CFL4
and the sixth color filter layer CFL6 may be blue color
filter layers. The light emitted from the light emitting ele-
ment ED may be emitted through the color filter layer
CFL while transmitting the color control structures TPL
and WCL.

[0178] The color patterns CP1, CP2, and CP3 may be
disposed on the planarization layer PNL or the color filter
layer CFL. The color patterns CP1, CP2, and CP3 may
be made of the same material as that of the color filter
layer CFL and disposed in the light blocking area BA. In
the light blocking area BA, the color patterns CP1, CP2,
and CP3 and different color filter layers CFL may be
stacked, and light transmission may be blocked in the
area at where they are stacked.

[0179] The first color pattern CP1 may be made of the
same material as those of the first color filter layer CFL1
and the second color filter layer CFL2 and disposed in
the light blocking area BA. The first color pattern CP1
may be directly disposed on the planarization layer PNL
in the light blocking area BA and may not be disposed in
the first light transmitting area TA1 of the first sub-pixel
SPX1 and the light blocking area BA adjacent to the first
sub light transmitting area STA1 of the second sub-pixel
SPX2. The first color pattern CP1 may be disposed in
the light blocking area BA between the second sub-pixel
SPX2 and the third sub-pixel SPX3, between the third
sub-pixel SPX3 and the fourth sub-pixel SPX4, or be-
tween the second sub light transmitting area STA2 and
the third sub light transmitting areas STA3 of the second
lighttransmitting area TA2. The first colorfilter layer CFL1
may extend to be disposed in the light blocking area BA
around the first sub-pixel SPX1, and the second color
filter layer CFL2 may extend to be disposed in an area
around the first sub light transmitting area STA1.
[0180] The second color pattern CP2 may be made of
the same material as those of the third color filter layer
CFL3 and the fifth color filter layer CFL5 and disposed
in the light blocking area BA. The second color pattern
CP2 may be directly disposed on the first color pattern
CP1, or on the first color filter layer CFL1 or the second
color filter layer CFL2 on the planarization layer PNL of
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the light blocking area BA, and may not be disposed in
the light blocking area BA adjacent to the third light trans-
mitting area TA3 of the third sub-pixel SPX3. The second
color pattern CP2 may be disposed in the light blocking
area BA between the first sub-pixel SPX1 and the second
sub-pixel SPX2 or between the first sub-pixel SPX1 and
the fourth sub-pixel SPX4, orin the areas around the first
sub light transmitting area STA1 and the third sub light
transmitting area STAS3 that are not in contact with the
second sub light transmitting area STA2 of the second
lighttransmitting area TA2. The fifth color filter layer CFL5
may extend to be disposed in the light blocking area BA
around the third sub-pixel SPX3.

[0181] Similarly, the third color pattern CP3 may be
made of the same material as those of the fourth color
filter layer CFL4 and the sixth color filter layer CFL6 and
disposed in the light blocking area BA. The third color
pattern CP3 may be directly disposed on the second color
pattern CP2, or on the second color filter layer CFL2 or
the fifth color filter layer CFL5 on the planarization layer
PNL of the light blocking area BA, and may not be dis-
posed in the light blocking area BA adjacent to the fourth
light transmitting area TA4 of the fourth sub-pixel SPX4.
The third color pattern CP3 may be disposed in the light
blocking area BA between the first sub-pixel SPX1 and
the second sub-pixel SPX2, or between the second sub-
pixel SPX2 and the third sub-pixel SPX3, or between the
first sub light transmitting area STA1 and the second sub
light transmitting area STA2 of the second light transmit-
ting area TA2. The sixth color filter layer CFL6 may ex-
tend to be disposed in the light blocking area BA around
the fourth sub-pixel SPX4.

[0182] In the display device 10, the area overlapping
the bank layer BNL and the upper bank layer UBN may
be the light blocking area BA, and each of the first color
pattern CP1, the second color pattern CP2, and the third
color pattern CP3 may be disposed to overlap at least
one of the color filter layers CFL containing different col-
orants in the light blocking area BA. For example, in the
areas between different sub-pixels SPXn, the first color
pattern CP1 may be disposed to overlap the fifth color
filter layer CFL5 and the sixth color filter layer CFL6, the
second color pattern CP2 may be disposed to overlap
the first color filter layer CFL1 and the sixth color filter
layer CFL6, and the third color pattern CP3 may be dis-
posed to overlap the first color filter layer CFL1 and the
fifth color filter layer CFL5. Because the color patterns
CP1, CP2, and CP3 and the color filter layers CFL con-
taining different colorants overlap each other, light may
be blocked at the light blocking area BA.

[0183] In accordance with one embodiment, between
different sub light transmitting areas STA1, STA2, and
STAS in the second light transmitting area TA2, the first
color pattern CP1 may be disposed to overlap the third
color filter layer CFL3 and the fourth color filter layer
CFL4, the second color pattern CP2 may be disposed to
overlap the second color filter layer CFL2 and the fourth
color filter layer CFL4, and the third color pattern CP3
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may be disposed to overlap the second color filter layer
the CFL2 and the third color filter layer CFL3. The color
filter layer CFL and the color patterns CP1, CP2, and
CP3 containing different colorants may be disposed to
overlap each other in a part of the second light transmit-
ting area TA2. However, the disclosure is not limited
thereto.

[0184] Although it is illustrated in the drawing that the
color patterns CP1, CP2, and CP3 disposed in the sec-
ond sub-pixel SPX2 overlap different color filter layers
CFL, the disclosure is not limited thereto. If red light of
the first color, green light of the second color, and blue
light of the third color are emitted simultaneously or mixed
lightthereof are emitted from the entire second lighttrans-
mitting area TA2 of the second sub-pixel SPX, the trans-
mission of light of a specific wavelength band may not
be blocked in the areas between different sub light trans-
mitting areas STA1, STA2, and STA3. In such an em-
bodiment, the color patterns CP1, CP2, and CP3 may
not be disposed between the sub light transmitting areas
STA1, STA2, and STAS3 of the second sub-pixel SPX2,
or at the portions where different color filter layers CFL
are in contact with each other or overlap.

[0185] The plurality of color patterns CP1, CP2, and
CP3 and the color filter layer CFL may have a stacked
structure to prevent colors from mixing between adjacent
areas due to materials containing different colorants. Be-
cause the color patterns CP1, CP2, and CP3 contain the
same material as that of the colorfilter layer CFL, external
light or reflected light transmitting the light blocking area
BA may have a wavelength band of a specific color. The
eye color sensibility perceived by user’s eyes varies de-
pending on the color of the light. For example, lightin the
blue wavelength band may be perceived less sensitively
to a user than light in the green wavelength band and
light in the red wavelength band. In the display device
10, the color patterns CP1, CP2, and CP3 are disposed
in the light blocking area BA so that the transmission of
light may be blocked and the user may perceive the re-
flected light relatively less sensitively. Also, some of the
light from the outside of the display device 10 may be
absorbed to reduce the reflected light due to the external
light.

[0186] The overcoatlayer OC may be disposed on the
color filter layer CFL and the color patterns CP1, CP2,
and CP3. The overcoat layer OC may be disposed in the
entire display area DPA and may be partially disposed
in the non-display area NDA. The overcoatlayer OC may
protect the members containing an organic insulating
material and arranged in the display area DPA from the
outside.

[0187] The display device 10 according to one embod-
iment includes the color control structures TPL and WCL
andthe colorfilterlayer CFL disposed on the light emitting
elements ED so that different color light may be displayed
even when the same type of light emitting elements ED
are disposed in each sub-pixel SPXn.

[0188] For example, the light emitting element ED dis-
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posed in the first sub-pixel SPX1 may emit the blue light
of the third color, and the light may be incident on the
first wavelength conversion layer WCL1 while transmit-
ting through the fourth insulating layer PAS4. The first
base resin BRS1 of the first wavelength conversion layer
WCL1 may be made of a transparent material, and some
ofthe light may transmit through the first base resin BRS1
to be incident on the first capping layer CPL1 disposed
thereon. However, at least some of the light may be in-
cident on the scatterer SCP and the first wavelength con-
version material WCP1 arranged in the first base resin
BRS1. The light may be scattered and wavelength con-
verted, and may then be incident as red light on the first
capping layer CPL1. The lightincident on thefirst capping
layer CPL1 may be incident on the first color filter layer
CFL1 while transmitting through the low refractive layer
LRL, the second capping layer CPL2, and the planariza-
tion layer PNL, and the transmission of other light except
the red light may be blocked by the first color filter layer
CFL1. Accordingly, the first sub-pixel SPX1 may emit the
red light.

[0189] Similarly, the light emitted from the light emitting
element ED disposed in the third sub-pixel SPX3 may be
emitted as the green light while transmitting through the
fourth insulating layer PAS4, the fourth wavelength con-
version layer WCL4, the first capping layer CPL1, the low
refractive layer LRL, the second capping layer CPL2, the
planarization layer PNL, and the fifth color filter layer
CFL5.

[0190] The light emitting element ED disposed in the
fourth sub-pixel SPX4 may emit blue light of the third
color, and the blue light of the third color may be incident
on the second light transmitting layer TPL2 while trans-
mitting through the fourth insulating layer PAS4. The third
base resin BRS3 of the second light transmitting layer
TPL2 may be made of a transparent material, and some
of the light may transmit through the third base resin
BRS3 to be incident on the capping layer CPL1 disposed
thereon. The lightincident on the first capping layer CPL1
may be incident on the sixth color filter layer CFL6 while
transmitting through the low refractive layer LRL, the sec-
ond capping layer CPL2, and the planarization layer PNL,
and the transmission of other light except the blue light
may be blocked by the sixth color filter layer CFL6. Ac-
cordingly, the fourth sub-pixel SPX4 may emit the blue
light.

[0191] The light emitting element ED disposed in the
second sub-pixel SPX2 may emit blue light of the third
color, and the blue light of the third color may be incident
on any one of the second wavelength conversion layer
WCL2, the third wavelength conversion layer WCL3, and
the first light transmitting layer TPL1 while transmitting
through the fourth insulating layer PAS4. The light may
be incident on different color filter layers CFL while trans-
mitting through the second wavelength conversion layer
WCL2, the third wavelength conversion layer WCL3, the
first light transmitting layer TPL1, the first capping layer
CPL1, the low refractive layer LRL, the second capping
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layer CPL2, and the planarization layer PNL. The light
that transmits through the second wavelength conver-
sion layer WCL2 may be incident on the second color
filter layer CFL2, and the second color filter layer CFL2
may block the transmission of other light except red light.
The light that has transmitted through the third wave-
length conversion layer WCL3 may be incident on the
third color filter layer CFL3, and the third color filter layer
CFL3 may block the transmission of other light except
green light. The light that transmits through the first light
transmitting layer TPL1 may be incident on the fourth
color filter layer CFL4, and the fourth color filter layer
CFL4 may block the transmission of other light except
blue light. Accordingly, the second sub-pixel SPX2 may
emit the red light, the green light, and the blue light si-
multaneously, or may emit mixed light thereof (e.g., white
light).

[0192] At least one pair of first and second electrodes
RME1 and RME2 may be disposed in each of the sub-
pixels SPXn, and the light emitting elements ED disposed
in each of the sub-pixels SPXn may be electrically con-
nected to the same first and second electrodes RME1
and RMEZ2 or the same firstand second connection elec-
trodes CNE1and CNE2. Each of the first sub-pixel SPX1,
the third sub-pixel SPX3, and the fourth sub-pixel SPX4
emits light of one color, respectively, so thatthe light emit-
ting elements ED disposed therein may be electrically
connected to the same electrode RME and/or the same
connection electrode CNE. Even when the second sub-
pixel SPX2 emits different color light simultaneously or
emits mixed light thereof, the light emitting elements ED
disposed in the second sub-pixel SPX2 may be electri-
cally connected to the same electrode RME and/or the
same connection electrode CNE. Even when the second
sub-pixel SPX2 has a light emission structure different
from those of other sub-pixels SPX1, SPX3 and SPX4,
the second sub-pixel SPX2 may have the same pixel
circuit structure as those of other sub-pixels SPX1, SPX3
and SPX4. As illustrated in FIGS. 3 and 4, in an embod-
imentin which each of the sub-pixels SPXn of the display
device 10 has a 3T1C pixel circuit structure, the second
sub-pixel SPX2 may have the 3T1C pixel circuit structure
so that the light emitting elements ED may emit light in
response to the same driving signal, and the second sub-
pixel SPX2 may emit different color light simultaneously
or may emit mixed light thereof.

[0193] Because each of the first sub-pixel SPX1, the
third sub-pixel SPX3, and the fourth sub-pixel SPX4
emits light of one specific wavelength band, even when
the plurality of light emitting elements ED are simultane-
ously driven or emit light, the color coordinates of colors
displayed in the corresponding sub-pixel SPXn may be
adjusted. In the first sub-pixel SPX1, the third sub-pixel
SPX3, and the fourth sub-pixel SPX4, desired color co-
ordinates may be obtained by adjusting a driving current
for allowing the light emitting element ED to emit light,
and the thicknesses of the color control structures TPL
and WCL and the color filter layer CFL. On the other
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hand, in the second sub-pixel SPXn, the light emitting
elements ED are simultaneously driven to emit light so
that desired color coordinates may be obtained by ad-
justing the thicknesses of the color control structures TPL
and WCL and the color filter layer CFL rather than by
controlling the driving current. For example, because the
second sub-pixel SPXn emits mixed light of two or more
colors, the desired color coordinates of the light of a spe-
cific color in the mixed light may be obtained by adjusting
the thicknesses of the color control structures TPL and
WCL or the color filter layer CFL related to the light of
the corresponding color.

[0194] In the display device 10 according to one em-
bodiment, the arrangement of the electrodes RME and
the connection electrodes CNE disposed in the sub-pix-
els SPXn may be the same and the same type of light
emitting elements ED may be disposed therein, but the
pixels PX may emit white light in addition to simultane-
ously emitting red light, green light, and blue light. In the
display device 10, one pixel PX may include four sub-
pixels SPXn and may include the first type sub-pixel (e.g.,
the first sub-pixel, the third sub-pixel, and the fourth sub-
pixel) emitting light of one color and the second type sub-
pixel emitting light of two or more colors or mixed light.
In the first type sub-pixel and the second type sub-pixel,
the structures of the electrode RME and the light emitting
elements ED may be the same, but the arrangement of
the color control structures TPL and WCL disposed ther-
eon may be different so that different color light may be
emitted.

[0195] However, the disclosure is not limited thereto.
In some embodiments, in the display device 10, different
light emitting elements ED may be disposed in the sub-
pixels SPXn, and the sub-pixels SPXn may have different
electrode structures and emit different color light. In such
an embodiment, the color control structures TPL and
WCL disposed in the sub-pixels SPXn may be the same.
This will be described later with reference to another em-
bodiment.

[0196] FIG. 15 is a schematic view of a light emitting
element according to one embodiment.

[0197] Referring to FIG. 15, the light emitting element
ED may be a light emitting diode. The light emitting ele-
ment ED may be an inorganic light emitting diode that
has a nanometer or micrometer size and is made of an
inorganic material. The light emitting element ED may be
aligned between two electrodes exhibiting polarity when
an electric field is formed in a specific direction between
them.

[0198] The light emitting element ED according to one
embodiment may have a shape elongated in one direc-
tion. The light emitting element ED may have a shape of
a cylinder, a rod, a wire, a tube, or the like. However, the
shape of the light emitting element ED is notlimited there-
to, and the light emitting element ED may have a polyg-
onal prism shape, such as a regular cube, a rectangular
parallelepiped, and a hexagonal prism, or may have var-
ious shapes, such as a shape elongated in one direction
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and having an outer surface partially inclined.

[0199] The light emitting element ED may include a
semiconductor layer doped with any conductivity type
(e.g., p-type or n-type) dopant. The semiconductor layer
may emit light of a specific wavelength band by receiving
an electrical signal applied from an external power
source. The light emitting element ED may include a first
semiconductor layer 31, a second semiconductor layer
32, a light emitting layer 36, an electrode layer 37, and
an insulating film 38.

[0200] The first semiconductor layer 31 may be an n-
type semiconductor. The first semiconductor layer 31
may include a semiconductor material having a chemical
formula of Al,Ga,Iny, N (0<x<1, O<y<1, O<x+y<1). For
example, the first semiconductor layer 31 may be any
one or more of AlGalnN, GaN, AlGaN, InGaN, AIN, and
InN doped with an n-type dopant. The n-type dopant
doped into the first semiconductor layer 31 may be Si,
Ge, Sn, Se, or the like.

[0201] The second semiconductorlayer 32 is disposed
on the first semiconductor layer 31 with the light emitting
layer 36 therebetween. The second semiconductor layer
32 may be a p-type semiconductor, and the second sem-
iconductor layer 32 may include a semiconductor mate-
rial having a chemical formula of Al,ga,Inq, N (0<x<1,
0<y<1, 0<x+y<1). For example, the second semiconduc-
tor layer 32 may be any one or more of AlGalnN, GaN,
AlGaN, InGaN, AIN, and InN doped with a p-type dopant.
The p-type dopant doped into the second semiconductor
layer 32 may be Mg, Zn, Ca, Ba, or the like.

[0202] Although it is illustrated in the drawing that the
first semiconductor layer 31 and the second semicon-
ductor layer 32 are each configured as one layer, the
disclosure is not limited thereto. Depending on the ma-
terial of the light emitting layer 36, the first semiconductor
layer 31 and the second semiconductor layer 32 may
further include a greater number of layers, such as a clad-
ding layer or a tensile strain barrier reducing (TSBR) lay-
er. Forexample, the lightemitting element ED may further
include another semiconductor layer disposed between
the first semiconductor layer 31 and the light emitting
layer 36 or between the second semiconductor layer 32
and the light emitting layer 36. The semiconductor layer
disposed between the first semiconductor layer 31 and
the light emitting layer 36 may be one or more of AIGalnN,
GaN, AlGaN, InGaN, AIN, InN, and SLS doped with an
n-type dopant, and the semiconductor layer disposed be-
tween the second semiconductor layer 32 and the light
emitting layer 36 may be one or more of AlGalnN, GaN,
AlGaN, InGaN, AIN, and InN doped with a p-type dopant.
[0203] The light emitting layer 36 is disposed between
the first semiconductor layer 31 and the second semi-
conductor layer 32. The light emitting layer 36 may in-
clude a material having a single or multiple quantum well
structure. When the light emitting layer 36 includes a ma-
terial having a multiple quantum well structure, a plurality
of quantum layers and well layers may be alternately
stacked. The light emitting layer 36 may emit light by the
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coupling of electron-hole pairs according to an electrical
signal applied through the first semiconductor layer 31
and the second semiconductor layer 32. The light emit-
ting layer 36 may include a material such as AlGaN, Al-
GalnN, or InGaN. For example, when the light emitting
layer 36 has a multiple quantum well structure in which
quantum layers and well layers are alternately stacked,
the quantum layer may include a material such as AIGaN
or AlGalnN, and the well layer may include a material
such as GaN or AlInN.

[0204] The light emitting layer 36 may have a structure
in which semiconductor materials having large band gap
energy and semiconductor materials having small band
gap energy are alternately stacked and may include other
group Il to V semiconductor materials according to the
wavelength band of the emitted light. The light emitted
by the light emitting layer 36 is not limited to the light of
the blue wavelength band, but the light emitting layer 36
may also emit light of a red or green wavelength band in
some embodiments.

[0205] The electrode layer 37 may be an ohmic con-
nection electrode. However, the disclosure is not limited
thereto, and it may be a Schottky connection electrode.
The light emitting element ED may include at least one
electrode layer 37. The light emitting element ED may
include one or more electrode layers 37, but the disclo-
sure is not limited thereto, and the electrode layer 37 may
be omitted in some embodiments.

[0206] In the display device 10, when the light emitting
element ED is electrically connected to an electrode or
a connection electrode, the electrode layer 37 may re-
duce the resistance between the light emitting element
ED and the electrode or connection electrode. The elec-
trode layer 37 may include a conductive metal. For ex-
ample, the electrode layer 37 may include at least one
of aluminium (Al), titanium (Ti), indium (In), gold (Au),
silver (Ag), ITO, 1ZO, or ITZO.

[0207] The insulating film 38 is arranged to surround
outer surfaces of the plurality of semiconductor layers
and electrode layers described above. For example, the
insulating film 38 may be disposed to surround at least
the outer surface of the light emitting layer 36 and may
be formed to expose both ends (e.g., opposite ends) of
the light emitting element ED in the longitudinal direction.
Further, in a cross-sectional view, the insulating film 38
may have a top surface that is rounded in a region adja-
cent to at least one end of the light emitting element ED.
[0208] The insulating film 38 may include at least one
of materials having insulating properties, for example,
silicon oxide (SiO,), silicon nitride (SiN,), silicon oxyni-
tride (SiOxNy), aluminium nitride (AIN,), aluminium oxide
(AIO,), zirconium oxide (ZrO,), hafnium oxide (HfO,), or
titanium oxide (TiO,). The insulating film 38 is illustrated
as being a single layer, but the disclosure is not limited
thereto. In some embodiments, the insulating film 38 may
be formed in a multilayer structure including a plurality
of stacked layers.

[0209] The insulating film 38 may protect the semicon-
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ductor layers and the electrode layer of the light emitting
element ED. The insulating film 38 may prevent an elec-
trical short circuit that may occur at the light emitting layer
36 when an electrode to which an electrical signal is
transmitted is in direct contact with the light emitting el-
ement ED. In addition, the insulating film 38 may ensure
luminous efficiency of the light emitting element ED.
[0210] Further, an outer surface of the insulating film
38 may be surface-treated. The light emitting elements
ED may be aligned in such a way of spraying the ink in
which the light emitting elements ED are dispersed on
the electrodes. The surface of the insulating film 38 may
be treated to have a hydrophobic property or hydrophilic
property to keep the light emitting elements ED in the
dispersed state without being aggregated with other ad-
jacent light emitting elements ED in the ink.

[0211] Hereinafter, various embodiments of the dis-
play device 10 will be described with reference to other
drawings.

[0212] FIG. 16 is a plan view illustrating wavelength
conversion layers and light transmitting layers disposed
in one pixel of a display device according to another em-
bodiment. FIG. 17 is a cross-sectional view taken along
the line N5-N5’ of FIG. 16 and is a cross-sectional view
of the second sub-pixel SPX2 of FIG. 16 taken along the
first direction DR1.

[0213] ReferringtoFIGS. 16 and 17,in adisplay device
10_1 according to one embodiment, the second wave-
length conversion layer WCL2, the third wavelength con-
version layer WCL3, and the first light transmitting layer
TPL1 of the second sub-pixel SPX2 may be disposed in
contact with each other without being spaced apart from
each other. The second wavelength conversion layer
WCL2, the third wavelength conversion layer WCL3, and
the first light transmitting layer TPL1, which are the color
control structures disposed in the second sub-pixel
SPX2, may be disposed to fill the area surrounded, in a
plan view, by the bank layer BNL and the upper bank
layer UBN. Because the second wavelength conversion
layer WCL2, the third wavelength conversion layer
WCL3, and the first light transmitting layer TPL1 are dis-
posed to be in contact with each other, the first capping
layer CPL1 disposed to cover them may not be in direct
contact with the fourth insulating layer PAS4 disposed
under the color control structures.

[0214] Because the color control structures of the sec-
ond sub-pixel SPX2 are disposed to be in contact with
each other, some of the light emitted from the light emit-
ting element ED may be incident on other adjacent color
control structures. For example, some of the light emitted
from the light emitting element ED disposed to overlap
the third wavelength conversion layer WCL3 may be in-
cident on the color filter layer CFL through the third wave-
length conversion layer WCL3, and some other light
thereof may be incident on the color filter layer CFL
through the second wavelength conversion layer WCL2
or the first light transmitting layer TPL1. However, even
if some of the light emitted from the light emitting element
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ED is emitted through another color control structure, the
amount of light emitted from the second sub-pixel SPX2
is determined by the number of light emitting elements
ED disposed in the second sub-pixel SPX2. Therefore,
the amount of emitted light may hardly change even when
the color control structures are disposed in contact with
each other. Further, because the color control structures
are disposed to cover the light emitting element ED in
the second sub-pixel SPX2, the amount of light incident
on the color filter layer CFL through an unintended color
control structure from among the light emitted from the
light emitting element ED may be very small.

[0215] FIG. 18 is a plan view illustrating wavelength
conversion layers and light transmitting layers disposed
in one pixel of a display device according to another em-
bodiment, and FIG. 19 is a cross-sectional view taken
along the line N6-N6’ of FIG. 18.

[0216] Referringto FIGS.18and 19, inadisplaydevice
10_2 according to one embodiment, the second wave-
length conversion layer WCL2, the third wavelength con-
version layer WCL3, and the first light transmitting layer
TPL1 of the second sub-pixel SPX2 may be arranged to
partially overlap each other. The second wavelength con-
version layer WCL2, the third wavelength conversion lay-
erWCL3, and the first light transmitting layer TPL1, which
are the color control structures disposed in the second
sub-pixel SPX2, may be arranged to fill the area sur-
rounded, in a plan view, by the bank layer BNL and the
upper bank layer UBN. The second wavelength conver-
sion layer WCL2, the third wavelength conversion layer
WCL3, and the first light transmitting layer TPL1 may be
disposed to partially overlap other adjacent color control
structures. For example, the second wavelength conver-
sion layer WCL2 may be disposed to overlap the third
wavelength conversion layer WCL3, and the third wave-
length conversion layer WCL3 may be disposed to over-
lap the second wavelength conversion layer WCL2 and
the first light transmitting layer TPL1. In an embodiment
in which the second wavelength conversion layer WCL2,
the third wavelength conversion layer WCL3, and the first
light transmitting layers TPL1 are sequentially formed,
the second wavelength conversion layer WCL2 may be
disposed relatively at a lowermost portion, and the first
light transmitting layer TPL1 may be disposed relatively
at an uppermost portion. Because the second wave-
length conversion layer WCL2, the third wavelength con-
version layer WCL3, and the first light transmitting layer
TPL1 are disposed to partially overlap each other, the
first capping layer CPL1 disposed to cover them may not
be in direct contact with the fourth insulating layer PAS4
under the color control structures.

[0217] The color filter layers CFL disposed in the sec-
ond sub-pixel SPX2 may be disposed to partially overlap
each other similar to the color control structures, and the
color patterns CP1, CP2, and CP3 may not be disposed
at the portions at where they overlap. For example, the
second color filter layer CFL2 disposed on the second
wavelength conversion layer WCL2 and the third color
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filter layer CFL3 disposed on the third wavelength con-
version layer WCL3 may be disposed to partially overlap
each other. The third color filter layer CFL3 disposed on
the third wavelength conversion layer WCL3 and the
fourth color filter layer CFL4 disposed on the first light
transmitting layer TPL1 may be disposed to partially over-
lap each other. The color patterns CP1, CP2, and CP3
may not be disposed on the portions at where different
color filter layers CFL overlap.

[0218] In the second sub-pixel SPX2, different color
control structures are disposed so that different color light
may be emitted simultaneously or mixed light thereof may
be emitted. The second wavelength conversion layer
WCL2, the third wavelength conversion layer WCL3, and
the first light transmitting layer TPL1, which are the struc-
tures that facilitate emission of mixed light of red light,
green light, and blue light from the second light transmit-
ting area TA2 of the second sub-pixel SPX2, may be
disposed to partially overlap each other.

[0219] FIG. 20 is a plan view illustrating a pixel of a
display device according to another embodiment, FIG.
21 is a plan view illustrating wavelength conversion lay-
ers and light transmitting layers disposed in one pixel
shown in FIG. 20, and FIG. 22 is a cross-sectional view
taken along the line N7-N7’ in FIG. 21.

[0220] Referring to FIGS. 20 to 22, in a display device
10_3 according to one embodiment, the bank layer BNL
may be disposed to divide the second emission area
EMAZ2 of the second sub-pixel SPX2 into a plurality of
areas, and the upper bank layer UBN may be disposed
to divide the plurality of sub light transmitting areas STA1,
STA2, and STAS3. In the second sub-pixel SPX2, the first
electrode RME1 and the second electrode RME2 may
be disposed across the plurality of sub light transmitting
areas STA1, STA2, and STA3 in the first direction DR1
regardless of the areas divided by the bank layer BNL,
and the light emitting elements ED may be distributed
and disposed in the plurality of areas divided by the bank
layer BNL. However, the plurality of light emitting ele-
ments ED may be electrically connected to the same first
and second electrodes RME1 and RME2 or the same
firstand second connection electrodes CNE1 and CNE2.
[0221] The second light transmitting area TA2 of the
second sub-pixel SPX2 may include the plurality of sub
light transmitting areas STA1, STA2, and STAS3 divided
by the upper bank layer UBN. The second wavelength
conversion layer WCL2, the third wavelength conversion
layer WCL3, and the first light transmitting layer TPL1
may be respectively disposed in the areas divided by the
upperbanklayer UBN. The second colorfilter layer CFL2,
the third color filter layer CFL3, and the fourth color filter
layer CFL4 of the second sub-pixel SPX2 may be dis-
posed on the second wavelength conversion layer
WCL2, the third wavelength conversion layer WCL3, and
the first light transmitting layer TPL1, respectively. The
second color filter layer CFL2, the third color filter layer
CFL3, and the fourth color filter layer CFL4 may be dis-
posed to extend to an area overlapping the upper bank
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layer UBN, and different adjacent color filter layers CFL
may overlap each other. Further, the color patterns CP1,
CP2, and CP3 containing colorants different from those
of two different color filter layers CFL may be disposed
at the portions where the two different color filter layers
CFL overlap.

[0222] The second sub-pixel SPX2 of the display de-
vice 10_3 may include different color control structures
disposed in the areas divided by the upper bank layer
UBN, and the light emitted from the light emitting ele-
ments ED may be simultaneously emitted from the sub
light transmitting areas STA1, STA2, and STAS3 of the
second sub-pixel SPX2 through the color control struc-
tures and the color filter layer CFL. In the second light
transmitting area TA2 of the second sub-pixel SPX2, dif-
ferent color light may be simultaneously emitted from dif-
ferent sub light transmitting areas STA1, STA2, and
STAS3, and the second sub-pixel SPX2 may display a
mixed color light.

[0223] FIG. 23 is a plan view schematically illustrating
emission areas disposed in one pixel of a display device
according to another embodiment, and FIG. 24 is a plan
view illustrating schematic arrangement of light transmit-
ting layers disposed in one pixel of the display device
shown in FIG. 23.

[0224] Referringto FIGS. 23 and 24, inadisplaydevice
10_4 according to one embodiment, light emitted from
the emission areas EMA1, EMA2, EMA3, and EMA4 of
the sub-pixels SPXn may have different colors or different
central wavelength bands. The light emitted from the
emission area EMA may be emitted from the light trans-
mitting area TA through the light transmitting layers TPL
disposed in the sub-pixel SPXn without color conversion
or wavelength conversion. The sub-pixels SPXn of each
pixel PX may emit different color light from the light trans-
mitting areas TA.

[0225] For example, the first sub-pixel SPX1 may emit
light of the first color, the third sub-pixel SPX3 may emit
light of the second color, and the fourth sub-pixel SPX4
may emit light of the third color. The second sub-pixel
SPX2 may emit each of the light of the first color, the light
of the second color, and the light of the third color, or may
emit light of the fourth color that is mixed light thereof.
For example, the first color may be red, the second color
may be green, and the third color may be blue. The sub-
pixels SPXn may include the light emitting elements ED
emitting different color light, and the emission areas EMA
and the light transmitting areas TA may emit different
color light.

[0226] In accordance with one embodiment, the light
emitting element ED disposed in the first sub-pixel SPX1
may emit red light of the first color, and the light may be
emitted as the red light from the first light transmitting
area TA1 through the light transmitting layer TPL dis-
posed in the first sub-pixel SPX1. The red light of the first
color may be emitted from the first emission area EMA1
of the first sub-pixel SPX1, and the red light of the first
color may also be emitted from the first light transmitting

10

15

20

25

30

35

40

45

50

55

26

EP 4 239 676 A2 50
area TA1.
[0227] Similarly, the light emitting element ED dis-

posed in the third sub-pixel SPX3 may emit green light
of the second color, and the light may be emitted as the
green light from the third light transmitting area TA3
through the light transmitting layer TPL disposed in the
third sub-pixel SPX3. The light emitting element ED dis-
posed in the fourth sub-pixel SPX4 may emit blue light
of the third color, and the light may be emitted as the blue
light from the fourth light transmitting area TA4 through
the light transmitting layer TPL disposed in the fourth
sub-pixel SPX4. The green light of the second color may
be emitted from the third emission area EMAS of the third
sub-pixel SPX3, and the green light of the second color
may also be emitted from the third light transmitting area
TAS3. The blue light of the third color may be emitted from
the fourth emission area EMA4 of the fourth sub-pixel
SPX4, and the blue light of the third color may also be
emitted from the fourth light transmitting area TA4.
[0228] The plurality of light emitting elements ED emit-
ting light of different colors may be disposed in the second
sub-pixel SPX2. Some of the light emitting elements ED
of the second sub-pixel SPX2 may emit red light of the
first color, some others thereof may emit green light of
the second color, and yet some others thereof may emit
blue light of the third color. The second emission area
EMAZ2 of the second sub-pixel SPX2 may include a plu-
rality of sub-emission areas SEA1, SEA2, and SEA3 in
which different color light is emitted. The light emitting
elements ED emitting red light of the first color may be
disposed in the first sub-emission area SEA1 to emit red
light, the light emitting elements ED emitting green light
of the second color may be disposed in the second sub-
emission area SEA2 to emit green light, and the light
emitting elements ED emitting blue light of the third color
may be disposed in the third sub-emission area SEA3 to
emit blue light.

[0229] However, evenwhen the second emission area
EMAZ2 includes the plurality of sub-emission areas SEA1,
SEA2, and SEAS, the sub-emission areas SEA1, SEA2,
and SEA3 may not be distinguished by physical interfac-
es. The plurality of sub-emission areas SEA1, SEA2, and
SEAZ illustrated in the drawing, which are the areas dis-
tinguished to correspond to different electrodes (shown
in, e.g., FIGS. 25 and 26) disposed in the second sub-
pixel SPX2, to be described later, may form one second
emission area EMA2 without being physically distin-
guished in the second sub-pixel SPX2 of the display de-
vice 10_4. However, the disclosure is not limited thereto,
and the second emission area EMA2 may include the
sub-emission areas SEA1, SEA2, and SEA3 that are
physically spaced apart from each other depending on
the structure of the bank layer BNL disposed in the sec-
ond sub-pixel SPX2.

[0230] In the display device 10_4, each of the pixels
PX may include, in addition to the sub-pixels (e.g., the
first sub-pixel SPX1, the third sub-pixel SPX3, and the
fourth sub-pixel SPX4) emitting different color light, the
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sub-pixel (e.g., the second sub-pixel SPX2) emitting dif-
ferent color light simultaneously or emitting mixed light
thereof. This may vary depending on the arrangement of
the light emitting elements ED of the sub-pixels SPXn of
the display device 10_4 and the arrangement of the color
control structures.

[0231] FIG. 25 is a plan view illustrating one pixel of a
display device according to one embodiment, FIG. 26 is
a plan view illustrating a second sub-pixel shown in FIG.
25, FIG. 27 is a cross-sectional view taken along the line
E1-E1’ of FIG. 26, FIG. 28 is a cross-sectional view taken
along the line E2-E2’ of FIG. 26, and FIG. 29 is a cross-
sectional view taken along the line E3-E3’ in FIG. 26.
FIGS. 27 to 29 illustrate cross sections across both ends
(e.g., opposite ends) of different light emitting elements
ED (e.g., ED1, ED2, and ED3) disposed in the second
sub-pixel SPX2.

[0232] The structure of electrodes disposed in one pix-
el of the display device 10_4 will be described with ref-
erence to FIGS. 25 to 29 in addition to FIGS. 23 and 24.
In the following description, redundant description will be
omitted while differences will be primarily described.
[0233] Each ofthe pixels PX of the display device 10_4
may include the plurality of sub-pixels SPXn. For exam-
ple, one pixel PX may include the first sub-pixel SPX1,
the second sub-pixel SPX2, the third sub-pixel SPX3,
and the fourth sub-pixel SPX4. A description thereof is
the same as described above.

[0234] Each sub-pixel SPXn of the display device 10
may include an emission area EMA and a non-emission
area. The emission area EMA may be an area in which
the light emitting element ED is disposed to emit light of
a specific wavelength band. The non-emission area may
be a region in which the light emitting element ED is not
disposed and a region from which light is not emitted
because light emitted from the light emitting element ED
does not reach it. Each sub-pixel SPXn may further in-
clude a sub-region SA disposed in the non-emission ar-
ea.

[0235] The display device 10_4 may include a plurality
of electrodes RME (e.g., RME1, RME2, RME3, RME4,
RMES5, and RMEBG), the barrier walls BP1 and BP2, the
bank layer BNL, and the light emitting elements ED (e.g.,
ED1, ED2, and ED3), and connection electrodes CNE
(e.g., CNE1, CNE2, CNE3, CNE4, CNE5, and CNEB).
[0236] The plurality of barrier walls BP1 and BP2 may
be disposed in the emission area EMA of each sub-pixel
SPXn. The barrier walls BP1 and BP2 may extend in the
first direction DR1 and may be disposed to be spaced
apart from each other in the second direction DR2. For
example, the barrier walls BP1 and BP2 may include a
first barrier wall BP1 and a second barrier wall BP2
spaced apart from each other in the second direction
DR2 in the emission area EMA of each sub-pixel SPXn.
The plurality of light emitting elements ED may be ar-
ranged between the first barrier wall BP1 and the second
barrier wall BP2.

[0237] The plurality of electrodes RME (e.g., RME1,
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RME2, RME3, RME4, RMES5, and RMEBG) are disposed
in each sub-pixel SPXn in a shape extending in one di-
rection. Some of the plurality of electrodes RME may
extend in the first direction DR1 to be disposed in the
sub-region SA and the emission area EMA of the sub-
pixel SPXn, and they may be disposed to be spaced apart
from each other in the second direction DR2. Some other
electrodes RME may be disposed to partially overlap the
bank layer BNL in the emission area EMA of the sub-
pixel SPXn.

[0238] Inaccordance with one embodiment, in the dis-
play device 10_4, each pixel PX may include the first
electrode RME1 and the second electrode RME2 dis-
posed in each of the first sub-pixel SPX1, the third sub-
pixel SPX3, and the fourth sub-pixel SPX4. In the corre-
sponding sub-pixels, the first electrode RME1 is located
on the left side in the drawings with respect to the center
of the emission area EMA, and the second electrode
RME?2 is located on the right side in the drawings with
respect to the center of the emission area EMA while
being spaced apart from the first electrode RME1 in the
second direction DR2. A first electrode RME1 may be
disposed on the first barrier wall BP1, and a second elec-
trode RME2 may be disposed on the second barrier wall
BP2. The first electrode RME1 and the second electrode
RME2 may be partially arranged in the corresponding
sub-pixel SPXn and the sub-region SA over the bank
layer BNL. The firstelectrode RME1 and the second elec-
trode RMEZ2 of different sub-pixels SPXn may be spaced
or separated from each other at the separation portion
ROP disposed in the sub-region SA of any one sub-pixel
SPXn.

[0239] The second sub-pixel SPX2 may include, in ad-
dition to the first electrode RME1 and the second elec-
trode RME2, a third electrode RME3, a fourth electrode
RME4, a fifth electrode RME5, and a sixth electrode
RMES6 spaced apart from them in the first direction DR1.
[0240] The first to sixth electrodes RME1, RME2,
RME3, RME4, RMES5, and RME6 disposed in the second
sub-pixel SPX2 may have a relatively short length ex-
tending in the first direction DR1 compared to the elec-
trodes RME disposed in other sub-pixels SPXn. The elec-
trodes RME1, RME2, RME3, RME4, RME5, and RME6
of the second sub-pixel SPXn may be separated to be
spaced apart from each other in the emission area EMA.
[0241] The first electrode RME1 and the second elec-
trode RME2 may be disposed on the upper side of the
emission area EMA to extend in the first direction DR1
and may be spaced apart from each other in the second
direction DR2 to face each other. The first electrode
RME1 and the second electrode RME2 may be disposed
on the first barrier wall BP1 and the second barrier wall
BP2, respectively, and may extend from the emission
area EMA to the sub-region SA disposed on the upper
side thereof. The first electrode RME1 and the second
electrode RME2 may be electrically connected to the
third conductive layer through the first electrode contact
hole CTD and the second electrode contact hole CTS
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formed at the portions overlapping the bank layer BNL.
The first electrode RME1 may be electrically connected
to a first-first transistor T1_1 through the first electrode
contact hole CTD, and the second electrode RME2 may
be electrically connected to the second voltage line VL2
through the second electrode contact hole CTS.

[0242] The third electrode RME3 and the fourth elec-
trode RME4 may be disposed at the central portion or
the central area of the emission area EMA to be spaced
apart from the first electrode RME1 and the second elec-
trode RME2 in the first direction DR1, respectively. The
third electrode RME3 and the fourth electrode RME4 may
include portions extending in the first direction DR1 and
portions that are bent therefrom in the second direction
DR2 to overlap the bank layer BNL. The portions of the
third electrode RME3 and the fourth electrode RME4 ex-
tending in the first direction DR1 may be disposed on the
first barrier wall BP1 and the second barrier wall BP2,
respectively, and may be electrically connected to the
third conductive layer through the first electrode contact
hole CTD and the second electrode contact hole CTS
formed at the portions overlapping the bank layer BNL.
The third electrode RME3 may be electrically connected
to a first-second transistor T1_2 through the first elec-
trode contact hole CTD, and the fourth electrode RME4
may be electrically connected to the second voltage line
VL2 through the second electrode contact hole CTS.
[0243] Thefifth electrode RMES5 and the sixth electrode
RME®6 may be disposed on the lower side of the emission
area EMA in the drawing to extend in the first direction
DR1 and may be spaced apart from the third electrode
RME3 and the fourth electrode RME4 in the first direction
DR1, respectively. The fifth electrode RME5 and the sixth
electrode RME6 may include portions extending in the
first direction DR1 and portions that are bent therefrom
in the second direction DR2 to overlap the bank layer
BNL. The fifth electrode RMES5 and the sixth electrode
RME®6 may be disposed on the first barrier wall BP1 and
the second barrier wall BP2, respectively, and may ex-
tend from the emission area EMA to the sub-region SA
disposed on the lower side thereof. The fifth electrode
RMES5 and the sixth electrode RME6 may be electrically
connected to the third conductive layer through the first
electrode contact hole CTD and the second electrode
contact hole CTS formed at the portions overlapping the
bank layer BNL. The fifth electrode RME5 may be elec-
trically connected to a first-third transistors T1_3 through
the first electrode contact hole CTD, and the sixth elec-
trode RMEG6 may be electrically connected to the second
voltage line VL2 through the second electrode contact
hole CTS.

[0244] Each of the first sub-pixel SPX1, the third sub-
pixel SPX3, and the fourth sub-pixel SPX4 may include
a pair of electrodes (e.g., the first electrode RME1 and
the second electrode RME2), and the plurality of light
emitting elements ED disposed in the corresponding sub-
pixel SPXn may be disposed on the same electrodes
RME1 and RMEZ2. On the other hand, the second sub-
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pixel SPX2 may include at least two or more pairs of
electrodes (e.g., the first to sixth electrodes RME1,
RME2, RME3, RME4, RME5, and RMEG6 forming three
pairs of electrodes), and the plurality of light emitting el-
ements ED disposed in the corresponding sub-pixel
SPXn may be classified into the light emitting elements
ED disposed on different electrodes RME1, RME2,
RME3, RME4, RME5, and RMESG. Further, in the second
sub-pixel SPX2, different pairs of electrodes RME may
be individually driven. In the first sub-pixel SPX1, the third
sub-pixel SPX3, and the fourth sub-pixel SPX4, the two
electrodes RME1 and RME2 may be electrically connect-
ed to the first transistor T1 and the second voltage line
VL2, respectively, whereas different pairs of electrodes
RME1, RME2, RME3, RME4, RME5, and RME®6 of the
second sub-pixel SPX2 may be electrically connected to
different first transistors (e.g., the first-first to first-third
transistors T1_1, T1_2, and T1_3). As will be described
later, the light emitting elements ED disposed in the plu-
rality of sub-pixels SPXn may emit different color light,
and the light emitting elements ED emitting different color
light may be disposed in the second sub-pixel SPX2. In
the second sub-pixel SPX2, the light emitting elements
ED emitting different color light may be disposed on dif-
ferent pairs of electrodes RME1, RME2, RME3, RME4,
RMES5, and RMEG, and they may be individually driven.
For example, the second sub-pixel SPX2 of the display
device 10_4 may have a 9T3C pixel circuit structure.
[0245] The bank layer BNL may be disposed to sur-
round the plurality of sub-pixels SPXn, the emission area
EMA, and the sub-region SA. The bank layer BNL may
be disposed at the boundary between the sub-pixels
SPXn adjacent in the first direction DR1 and the second
direction DR2 and may also be disposed at the boundary
between the emission area EMA and the sub-region SA.
The bank layer BNL may include portions extending in
the first direction DR1 and the second direction DR2 in
aplanview to be arranged in a grid pattern over the entire
surface of the display area DPA.

[0246] The plurality of light emitting elements ED1,
ED2, and ED3 may be disposed in the emission area
EMA of each sub-pixel SPXn. The light emitting elements
ED may be disposed between the barrier walls BP1 and
BP2 and may be arranged to be spaced apart from each
other in the first direction DR1.

[0247] In one embodiment, the light emitting elements
ED1, ED2, and ED3 disposed in each sub-pixel SPXn
may emit different color light, and the plurality of light
emitting elements ED1, ED2, and ED3 emitting different
color light may be disposed in the second sub-pixel
SPX2.

[0248] Forexample, thefirstlightemittingelement ED1
emitting red light of the first color may be disposed in the
first sub-pixel SPX1. The second light emitting element
ED2 emitting green light of the second color may be dis-
posed in the third sub-pixel SPX3, and the third light emit-
ting element ED3 emitting blue light of the third color may
be disposed in the fourth sub-pixel SPX4. The first to
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third light emitting elements ED1, ED2, and ED3 dis-
posed in each of the first sub-pixel SPX1, the third sub-
pixel SPX3, and the fourth sub-pixel SPX4 may be dis-
posed on the first electrode RME1 and the second elec-
trode RME2 spaced apart from each other.

[0249] The firstlight emitting element ED1 emitting red
light of the first color, the second light emitting element
ED2 emitting green light of the second color, and the third
light emitting element ED3 emitting blue light of the third
color may be disposed in the second sub-pixel SPX2.
The first light emitting element ED1 may be disposed on
the first electrode RME1 and the second electrode
RME2, the second light emitting element ED2 may be
disposed on the third electrode RME3 and the fourth elec-
trode RME4, and the third light emitting element ED3
may be disposed on the fifth electrode RME5 and the
sixth electrode RME6. The first light emitting element
ED1, the second light emitting element ED2, and the third
light emitting element ED3 of the second sub-pixel SPX2
may be disposed on different pairs of electrodes RME1,
RME2, RME3, RME4, RME5, and RME6 and may be
disposed to be spaced apart from each other in the first
direction DR1.

[0250] The plurality of first to third light emitting ele-
ments ED1, ED2, and ED3 disposed in the first sub-pixel
SPX1, the third sub-pixel SPX3, and the fourth sub-pixel
SPX4 may be electrically connected to the same elec-
trode RME in the corresponding sub-pixels SPXn and
may be driven or emit light together with the same type
of lightemitting elements ED disposed in the correspond-
ing sub-pixel SPXn. On the other hand, the plurality of
first to third light emitting elements ED1, ED2, and ED3
disposed in the second sub-pixel SPX2 may be electri-
cally connected to different electrodes RME in the cor-
responding sub-pixel SPXn and different light emitting
elements ED disposed in the corresponding sub-pixel
SPXn may be individually driven or emit light.

[0251] The red light of the first color emitted by the first
light emitting element ED1 may be emitted from the first
emission area EMA1 of the first sub-pixel SPX1, the
green light of the second color emitted by the second
light emitting element ED2 may be emitted from the third
emission area EMA3 of the third sub-pixel SPX3, and the
blue light of the third light emitted by the third light emitting
element ED3 may be emitted from the fourth emission
area EMA4 of the fourth sub-pixel SPX4. In the second
emission area EMA2 of the second sub-pixel SPX2, the
red light, the green light, and the blue light emitted by the
first to third light emitting elements ED1, ED2 and ED3
may be simultaneously emitted, or white light that is
mixed light thereof may be emitted. In the display device
10_4, the sub-pixels SPXn may include different light
emitting elements ED to emit different color light.
[0252] The plurality of connection electrodes CNE
(e.g., CNE1, CNE2, CNE3, CNE4, CNE5, and CNES)
may be disposed on the plurality of electrodes RME and
the barrier walls BP1 and BP2. The connection elec-
trodes CNE may be in contact with the light emitting el-
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ement ED and may be electrically connected to the elec-
trode RME or the conductive layer disposed thereunder.
[0253] The connection electrode CNE may include the
first connection electrode CNE1 and the second connec-
tion electrode CNE2 disposed in the first sub-pixel SPX1,
the third sub-pixel SPX3, and the fourth sub-pixel SPX4.
The first connection electrode CNE1 may have a shape
extending in the first direction DR1 and may be disposed
on the first electrode RME1 or the first barrier wall BP1.
The first connection electrode CNE1 may be disposed
from the emission area EMA up to the sub-region SA
over the bank layer BNL. The second connection elec-
trode CNE2 may have a shape extending in the first di-
rection DR1 and may be disposed on the second elec-
trode RME2 or the second barrier wall BP2. The second
connection electrode CNE2 may be disposed from the
emission area EMA up to the sub-region SA over the
bank layer BNL.

[0254] The connection electrode CNE may include first
to sixth connection electrodes CNE1, CNE2, CNES,
CNE4, CNE5, and CNE6 disposed in the second sub-
pixel SPX2. The first connection electrode CNE1 of the
second sub-pixel SPX2 may be disposed on the first elec-
trode RME1 to be in contact with the first light emitting
element ED1 and may be electrically connected to the
first electrode RME1. The second connection electrode
CNE2 may be disposed on the second electrode RME2
to be in contact with the second light emitting element
ED2 and may be electrically connected to the second
electrode RME2.

[0255] Similarly, the third connection electrode CNE3
and the fourth connection electrode CNE4 disposed in
the second sub-pixel SPX2 may be respectively disposed
on the third electrode RME3 and the fourth electrode
RME4 to be in contact with the second light emitting el-
ement ED2 and may be electrically connected to the third
electrode RME3 and the fourth electrode RMEA4. The fifth
connection electrode CNE5 and the sixth connection
electrode CNES6 disposed in the second sub-pixel SPX2
may be respectively disposed on the fifth electrode RME5
and the sixth electrode RMEG6 to be in contact with the
third light emitting element ED3 and may be electrically
connected to the fifth electrode RME5 and the sixth elec-
trode RMES6.

[0256] Inthe display device 10_4, the sub-pixels SPXn
include different types of light emitting elements ED so
thatthe color control structures disposed on the light emit-
ting element ED may not convert the light emitted from
the light emitting element ED into light of another color.
The display device 10_4 according to one embodiment
may include the plurality of light transmitting layers TPL
disposed on different light emitting elements ED so that
the sub-pixels SPXn may display different color light.
[0257] FIG. 30 is a plan view illustrating light transmit-
ting layers disposed in one pixel shown in FIG. 25, FIG.
31 is a cross-sectional view taken along the line E4-E4’
in FIG. 30, and FIG. 32 is a cross-sectional view taken
along the line E5-E5’ of FIG. 30.
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[0258] The structure of the light transmitting layers TPL
disposed in one pixel of the display device 10_4 will be
described with reference to FIGS. 30 to 32 in addition to
FIGS. 23 and 24. In the following description, redundant
description will be omitted and differences will be prima-
rily described.

[0259] The display device 10_4 may include the plu-
rality of light transmitting layers TPL disposed in the area
surrounded, in a plan view, by the upper bank layer UBN
of each sub-pixel SPXn. In each of the first sub-pixel
SPX1, the second sub-pixel SPX2, the third sub-pixel
SPX3, and the fourth sub-pixel SPX4, the light transmit-
ting layer TPL may be disposed on the light emitting el-
ements ED. The light transmitting layer TPL may include
a scatterer SCP and a base resin BRS and may emit light
emitted from the light emitting element ED in an upward
direction without conversion. The first capping layer
CPL1, the low refractive layer LRL, the second capping
layer CPL2, the planarization layer PNL, the color filter
layer CFL, and the overcoat layer OC are disposed on
the light transmitting layer TPL. The detailed description
thereof is the same as described above.

[0260] The light transmitting layer TPL disposed in the
first sub-pixel SPX1 is disposed to overlap a plurality of
first light emitting elements ED1. The red light of the first
color emitted by the first light emitting element ED1 may
be emitted through the light transmitting layer TPL and
the first color filter layer CFL1, and the red light of the
first color may be emitted or displayed from the first light
transmitting area TA1 of the first sub-pixel SPX1. Simi-
larly, the light transmitting layer TPL disposed in the third
sub-pixel SPX3 is disposed to overlap a plurality of sec-
ond light emitting elements ED2. The green light of the
second color emitted by the second light emitting element
ED2 may be emitted through the light transmitting layer
TPL and the fifth color filter layer CFL5, and the green
light of the second color may be emitted or displayed
from the third light transmitting area TA3 of the third sub-
pixel SPX3. The light transmitting layer TPL disposed in
the fourth sub-pixel SPX4 is disposed to overlap a plu-
rality of third light emitting elements ED3. The blue light
of the third color emitted by the third light emitting element
ED3 may be emitted through the light transmitting layer
TPL and the sixth color filter layer CFL6, and the blue
light of the third color may be emitted or displayed from
the fourth light transmitting area TA4 of the fourth sub-
pixel SPX4.

[0261] The light transmitting layer TPL disposed in the
second sub-pixel SPX2 may overlap the plurality of first
light emitting elements ED1, second light emitting ele-
ments ED2, and third light emitting elements ED3. Fur-
ther, the light transmitting layer TPL may also overlap
the plurality of electrodes RME1, RME2, RME3, RME4,
RMES5, and RMEG6 spaced apart from each other. The
light emitted from the first to third light emitting elements
ED1, ED2, and ED3 may be emitted through the light
transmitting layer TPL and the second to fourth color filter
layers CFL2, CFL3, and CFL4, respectively. In the sec-
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ond light transmitting area TA2 of the second sub-pixel
SPX2, the red light of the first color, the green light of the
second color, and the blue light of the third color may be
emitted simultaneously, or mixed light thereof may be
emitted.

[0262] Different the embodiment shown in FIGS. 9 to
14, the display device 10_4 according to one embodi-
ment may include the light emitting elements ED emitting
lights of different colors in the sub-pixels SPXn with the
light transmitting layer TPL disposed thereon. However,
similar to the above-described embodiment, the display
device 10_4 may include the first type sub-pixels (e.g.,
the first sub-pixel SPX1, the third sub-pixel SPX3, and
the fourth sub-pixel SPX4) emitting any one of the light
of the first color, the light of the second color, and the
light of the third color, and the second type sub-pixel (e.g.,
the second sub-pixel SPX2) simultaneously emitting the
light of the first color, the light of the second color, and
the light of the third color or emitting mixed light thereof.
[0263] FIG. 33 is a plan view illustrating light transmit-
ting layers disposed in one pixel of a display device ac-
cording to another embodiment, and FIG. 34 is a cross-
sectional view taken along the line E6-E6’ of FIG. 33.
[0264] ReferringtoFIGS. 33 and 34, in adisplay device
10_5 according to one embodiment, the bank layer BNL
may be disposed to divide the second emission area
EMAZ2 of the second sub-pixel SPX2 into a plurality of
areas, and the upper bank layer UBN may be disposed
to distinguish the plurality of sub light transmitting areas
STA1, STA2, and STAS3. In the second sub-pixel SPX2,
different pairs of electrodes RME1, RME2, RME3, RME4,
RMES5, and RME6 may be disposed to correspond to the
plurality of sub-emission areas SEA1, SEA2, and SEA3
distinguished by the bank layer BNL. Different first to third
light emitting elements ED1, ED2, and ED3 and the con-
nection electrodes CNE may also be disposed to corre-
spond to the plurality of sub-emission areas SEA1, SEA2,
and SEA3 distinguished by the bank layer BNL.

[0265] The second light transmitting area TA2 of the
second sub-pixel SPX2 may include the plurality of sub
light transmitting areas STA1, STA2, and STA3 distin-
guished by the upper bank layer UBN. In the second sub-
pixel SPX2, the light transmitting layers TPL may be dis-
posed in the plurality of areas distinguished by the upper
bank layer UBN. The light transmitting layers TPL dis-
posed in the second sub-pixel SPX2 may be spaced apart
from each other with the upper bank layer UBN inter-
posed therebetween.

[0266] The display device 10_5 may include the light
emitting devices ED emitting different color light in the
sub-pixels SPXn, and the structure of the bank layer BNL
and the upper bank layer UBN may be the same as that
in the embodiment shown in FIG. 20. For example, the
display device 10_5 may be understood as an embodi-
ment in which aspects of the embodiment shown in FIG.
20 and aspects of the embodiment shown in FIGS. 25 to
32 are combined. Description of the specific structure of
the display device 10_5is substantially the same as those
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in the above-described embodiments and a detailed de-
scription thereof will be omitted.

[0267] FIG. 35 is a plan view illustrating a sub-pixel of
a display device according to another embodiment, FIG.
36 is a cross-sectional view taken along the line Q1-Q1’
of FIG. 35, and FIG. 37 is a cross-sectional view taken
along the line Q2-Q2’ of FIG. 35.

[0268] FIG. 35 illustrates planar arrangement of elec-
trodes RME (e.g., RME1,RME2, RME3, and RME4), bar-
rier walls BP1, BP2, and BP3, the bank layer BNL, the
plurality of light emitting elements ED, connection elec-
trodes CNE (e.g., CNE1, CNE2, CNE3, CNE4, and
CNES5) disposed in one pixel PX of adisplay device 10_6.
FIG. 36 illustrates a cross section across both ends (e.g.,
opposite ends) of the light emitting elements ED (e.g.,
ED1, ED2, ED3, and ED4) disposed on different elec-
trodes RME, and FIG. 37 illustrates a cross section
across a plurality of contact portions CT1,CT2, CT3, and
CT4.

[0269] Referring to FIGS. 35 to 37, the display device
10_6 may include a greater number of electrodes RME
(e.g., RME1, RME2, RME3, and RME4), a greater
number of barrier walls BP1, BP2, and BP3, a greater
number of light emitting elements ED (e.g., ED1, ED2,
ED3, and ED4), and a greater number of connection elec-
trodes CNE (e.g., CNE1, CNE2, CNE3, CNE4, and
CNEDS5). The display device 10_6 is different from the em-
bodiment shown in FIG. 9 in that a greater number of
electrodes and a greater number of light emitting ele-
ments are included in each sub-pixel SPXn. In the fol-
lowing description, redundant description will be omitted
and differences will be primarily described.

[0270] The barrier walls BP1, BP2, and BP3 may fur-
ther include a third barrier wall BP3 disposed between
the first barrier wall BP1 and the second barrier wall BP2.
The first barrier wall BP1 may be located on the left side
in the drawings with respect to the center of the emission
area EMA, the second barrier wall BP2 may be located
on the right side in the drawings with respect to the center
of the emission area EMA, and the third barrier wall BP3
may be located at the center of the emission area EMA.
The width of the third barrier wall BP3 measured in the
second direction DR2 may be greater than those of the
first barrier wall BP1 and the second barrier wall BP2
measured in the second direction DR2. The gap between
the barrier walls BP1, BP2, and BP3 in the second direc-
tion DR2 may be greater than the gap between the elec-
trodes RME. The first barrier wall BP1 may be disposed
to partially overlap the first electrode RME1, and the sec-
ond barrier wall BP2 may be disposed to partially overlap
the fourth electrode RME4. The third barrier wall BP3
may be disposed to partially overlap the second electrode
RMEZ2 and the third electrode RME3. At least parts of the
electrodes RME may be arranged without overlapping
the barrier walls BP1, BP2, and BP3.

[0271] The plurality of electrodes RME arranged for
each sub-pixel SPXn may furtherinclude a third electrode
RME3 and a fourth electrode RME4 in addition to a first
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electrode RME1 and a second electrode RME2.

[0272] The third electrode RME3 may be disposed be-
tween the first electrode RME1 and the second electrode
RME2, and the fourth electrode RME4 may be spaced
apart from the third electrode RMES3 in the second direc-
tion DR2 with the second electrode RME2 interposed
therebetween. The plurality of electrodes RME may be
sequentially arranged in the order of the first electrode
RME1, the third electrode RME3, the second electrode
RME2, and the fourth electrode RME4 from the left side
to the right side of the sub-pixel SPXn as shown in the
drawings. The electrodes RME may face and be spaced
apart from each other in the second direction DR2. The
plurality of electrodes RME may be spaced apart from
the electrodes RME of another sub-pixel SPXn adjacent
in the first direction DR1 at the separation portion ROP
of the sub-region SA.

[0273] From among the plurality of electrodes RME,
the first electrode RME1 and the second electrode RME2
may be in contact with the first conductive pattern CDP1
and the second voltage line VL2 disposed thereunder
through the electrode contact holes CTD and CTS dis-
posed under the bank layer BNL, respectively, and the
third electrode RME3 and the fourth electrode RME4 may
not be in contact with the first conductive pattern CDP1
and the second voltage line VL2.

[0274] Thefirstinsulating layer PAS1 may be disposed
in a structure similar to that in the above-described em-
bodiments. The first insulating layer PAS1 may be dis-
posed in the entire display area DPA and may cover the
plurality of electrodes RME and the barrier walls BP1,
BP2, and BP3.

[0275] The plurality of light emitting elements ED may
be arranged between the barrier walls BP1, BP2, and
BP3 or on different electrodes RME. Some of the light
emitting elements ED may be arranged between the first
barrier wall BP1 and the third barrier wall BP3, and some
other light emitting elements ED may be arranged be-
tween the third barrier wall BP3 and the second barrier
wall BP2. In accordance with one embodiment, the light
emitting element ED may include a first light emitting el-
ement ED1 and a third light emitting element ED3 ar-
ranged between the first barrier wall BP1 and the third
barrier wall BP3, and a second light emitting element
ED2 and a fourth light emitting element ED4 arranged
between the third barrier wall BP3 and the second barrier
wall BP2. Each of the first light emitting element ED1 and
the third light emitting element ED3 may be disposed
above the first electrode RME1 and the third electrode
RME3, and each of the second light emitting element
ED2 and the fourth light emitting element ED4 may be
disposed above the second electrode RME2 and the
fourth electrode RME4. The first light emitting element
ED1 and the second light emitting element ED2 may be
arranged adjacent to the lower side of the emission area
EMA of the corresponding sub-pixel SPXn in the draw-
ings or adjacent to the sub-region SA, and the third light
emitting element ED3 and the fourth light emitting ele-
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ment ED4 may be arranged adjacent to the upper side
of the emission area EMA of the corresponding sub-pixel
SPXn in the drawings.

[0276] However, the light emitting elements ED may
not be classified according to the arrangement position
in the emission area EMA but may be classified according
to a connection relationship with the connection electrode
CNE, which will be described later. Both ends of each
light emitting element ED may be in contact with different
connection electrodes CNE according to an arrangement
method of the connection electrodes CNE. The light emit-
ting elements ED may be classified into different types
of light emitting elements ED according to the type of the
connection electrode CNE in contact therewith.

[0277] The plurality of connection electrodes CNE may
further include, in addition to the first connection elec-
trode CNE1 disposed on the first electrode RME1, the
second connection electrode CNE2 disposed on the sec-
ond electrode RMEZ2, a third connection electrode CNES,
a fourth connection electrode CNE4, and a fifth connec-
tion electrode CNES5 arranged across the plurality of elec-
trodes RME.

[0278] Different from the embodiment shown in FIGS.
9 to 11, each of the first connection electrode CNE1 and
the second connection electrode CNE2 may have a rel-
atively short length extending in the first direction DR1.
The first connection electrode CNE1 and the second con-
nection electrode CNE2 may be arranged on the lower
side with respect to the center of the emission area EMA.
The first connection electrode CNE1 and the second con-
nection electrode CNE2 may be disposed across the
emission area EMA and the sub-region SA of the corre-
sponding sub-pixel SPXn and may be in direct contact
with the electrode RME through the contact portions CT1
and CT2 formed in the sub-region SA, respectively. The
first connection electrode CNE1 may be in direct contact
with the first electrode RME1 through the first contact
portion CT1 penetrating the first insulating layer PAS1,
the second insulating layer PAS2, and the third insulating
layer PAS3 in the sub-region SA, and the second con-
nection electrode CNE2 may be in direct contact with the
second electrode RMEZ2 through the second contact por-
tion CT2 penetrating the first insulating layer PAS1, the
second insulating layer PAS2, and the third insulating
layer PAS3 in the sub-region SA.

[0279] The third connection electrode CNE3 may in-
clude a first extension portion CN_E1 disposed on the
third electrode RME3, a second extension portion CN_E2
disposed on the first electrode RME1, and a first connec-
tion portion CN_B1 that connects (e.g., extends between)
thefirstextension portion CN_E1 to the second extension
portion CN_E2. The first extension portion CN_E1 may
be spaced apart from the first connection electrode CNE1
in the second direction DR2, and the second extension
portion CN_E2 may be spaced apart from the first con-
nection electrode CNE1 in the first direction DR1. The
first extension portion CN_E1 may be disposed on the
lower side of the emission area EMA of the corresponding
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sub-pixel SPXn in the drawings, and the second exten-
sion portion CN_E2 may be disposed on the upper side
of the emission area EMA in the drawings. The first ex-
tension portion CN_E1 and the second extension portion
CN_E2 may be disposed in the emission area EMA. The
first connection portion CN_B1 may be disposed across
the first electrode RME1 and the third electrode RME3
at the central portion of the emission area EMA. The third
connection electrode CNE3 may have a shape substan-
tially extending in the first direction DR1 and may have
a shape that is bent in the second direction DR2 and
extends again in the first direction DR1.

[0280] The fourth connection electrode CNE4 may in-
clude a third extension portion CN_E3 disposed on the
fourth electrode RME4, afourth extension portion CN_E4
disposed on the second electrode RME2, and a second
connection portion CN_B2 that connects (e.g., extends
between) the third extension portion CN_E3 to the fourth
extension portion CN_E4. The third extension portion
CN_E3 may face and may be spaced apart from the sec-
ond connection electrode CNE2 in the second direction
DR2, and the fourth extension portion CN_E4 may be
spaced apart from the second connection electrode
CNE2 in the first direction DR1. The third extension por-
tion CN_E3 may be disposed on the lower side of the
emission area EMA of the corresponding sub-pixel SPXn
in the drawings, and the fourth extension portion CN_E4
may be disposed on the upper side of the emission area
EMA in the drawings. The third extension portion CN_E3
and the fourth extension portion CN_E4 may be disposed
in the emission area EMA. The second connection por-
tion CN_B2 may be disposed across the second elec-
trode RME2 and the fourth electrode RME4 while being
adjacent to the center of the emission area EMA. The
fourth connection electrode CNE4 may have a shape
substantially extending in the first direction DR1 and may
have a shape that is bent in the second direction DR2
and extends again in the first direction DR1.

[0281] The fifth connection electrode CNE5 may in-
clude a fifth extension portion CN_E5 disposed on the
third electrode RMES3, a sixth extension portion CN_E6
disposed on the fourth electrode RME4, and a third con-
nection portion CN_B3 that connects the fifth extension
portion CN_E5 to the sixth extension portion CN_E6. The
fifth extension portion CN_E5 may face and may be
spaced apart from the second extension portion CN_E2
of the third connection electrode CNE3 in the second
direction DR2, and the sixth extension portion CN_E6
may face and may be spaced apart from the fourth ex-
tension portion CN_E4 of the fourth connection electrode
CNE4 in the second direction DR2. Each of the fifth ex-
tension portion CN_E5 and the sixth extension portion
CN_E6 may be arranged on the upper side of the emis-
sion area EMA, and the third connection portion CN_B3
may be disposed across the third electrode RME3, the
second electrode RME2, and the fourth electrode RME4.
The fifth connection electrode CNE5 may be disposed
to surround, in a plan view, the fourth extension portion
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CN_E4 of the fourth connection electrode CNE4.
[0282] The third connection electrode CNE3 may be
in direct contact with the third electrode RME3 through
the third contact portion CT3 penetrating the first insulat-
ing layer PAS1 and the second insulating layer PAS2 in
the sub-region SA, and the fourth connection electrode
CNE4 may be in direct contact with the fourth electrode
RME4 through the fourth contact portion CT4 penetrating
the first insulating layer PAS1 and the second insulating
layer PAS2 in the sub-region SA.

[0283] However, the disclosure is not limited thereto.
In some embodiments, in the display device 10, some of
the connection electrodes CNE may be directly connect-
ed to the third conductive layer. For example, the first
connection electrode CNE1 and the second connection
electrode CNE2, which are first type connection elec-
trodes, may be directly connected to the third conductive
layer and may not be electrically connected to the elec-
trode RME. A second type connection electrode and a
third type connection electrode may not be electrically
connected to the electrode RME and may only be con-
nected to the light emitting elements ED.

[0284] The first connection electrode CNE1 and the
second connection electrode CNE2 may be the first type
connection electrodes connected to the electrodes
RME1 and RME2 directly connected to the third conduc-
tive layer, respectively. The third connection electrode
CNE3 and the fourth connection electrode CNE4 may be
the second type connection electrodes connected to the
electrodes RME3 and RME4 that are not connected to
the third conductive layer. The fifth connection electrode
CNES5 may be the third type connection electrode that is
not connected to the electrode RME. The fifth connection
electrode CNE5 may be in contact with the light emitting
elements ED without being connected to the electrode
RME and may constitute an electrical connection circuit
of the light emitting elements ED together with other con-
nection electrodes CNE.

[0285] The third connection electrode CNE3 and the
fourth connection electrode CNE4, which are the second
type connection electrodes, may be connection elec-
trodes in which electrode extension portions extending
in the first direction DR1 are not parallel to each other in
the second direction DR2. The fifth connection electrode
CNES5, which is the third type connection electrode, may
be the connection electrode in which electrode extension
portions extending in the first direction DR1 are parallel
to each other in the second direction DR2. The third con-
nection electrode CNE3 and the fourth connection elec-
trode CNE4 may have a shape that is bent while extend-
ing in the firstdirection DR1, and the fifth connection elec-
trode CNE5 may have a shape surrounding, in a plan
view, a part of another connection electrode.

[0286] The plurality of light emitting elements ED may
be classified into different light emitting elements ED de-
pending on the connection electrodes CNE in contact
with both ends of the light emitting elements ED to cor-
respond to the arrangement structure of the connection
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electrodes CNE. The first light emitting element ED1 and
the second light emitting element ED2 may have first
ends in contact with the first type connection electrodes
and second ends in contact with the second type con-
nection electrodes. The first light emitting element ED1
may be in contact with the first connection electrode
CNE1 and the third connection electrode CNES3, and the
second light emitting element ED2 may be in contact with
the second connection electrode CNE2 and the fourth
connection electrode CNE4. The third light emitting ele-
ment ED3 and the fourth light emitting element ED4 may
have first ends in contact with the second type connection
electrodes and second ends in contact with the third type
connection electrodes. The third light emitting element
ED3 may be in contact with the third connection electrode
CNE3 and the fifth connection electrode CNES5, and the
fourth light emitting element ED4 may be in contact with
the fourth connection electrode CNE4 and the fifth con-
nection electrode CNES5.

[0287] The plurality of light emitting elements ED may
be connected in series through the plurality of connection
electrodes CNE. Because the display device 10 accord-
ing to this embodimentincludes a greater number of light
emitting elements ED for each sub-pixel SPXn and the
light emitting elements ED are connected in series, the
light emission amount per unit area may be further in-
creased.

[0288] FIG. 38 is a plan view illustrating wavelength
conversion layers and light transmitting layers disposed
in the first sub-pixel and the second sub-pixel shown in
FIG. 35.

[0289] Referringto FIG. 38, in the display device 10_6,
the color control structures TPL and WCL disposed in
the first sub-pixel SPX1 and the second sub-pixel SPX2
may have different structures. As described above, the
firstwavelength conversionlayer WCL1 may be disposed
in the first sub-pixel SPX1, and the second wavelength
conversion layer WCL2, the third wavelength conversion
layer WCL3, and the first light transmitting layer TPL1
may be disposed in the second sub-pixel SPX2. The
fourth wavelength conversion layer WCL4 may be dis-
posed in the third sub-pixel SPX3, and the second light
transmitting layer TPL2 may be disposed in the fourth
sub-pixel SPX4. Further, the first to sixth color filter layers
CFL1, CFL2, CFL3, CFL4, CFL5, and CFL6 may be dis-
posed to correspond to the color control structures TPL
and WCL in each sub-pixel SPXn. This embodiment is
different from the embodiment shown in FIGS. 9 to 14 in
thatfour electrodes are arranged as one setand a greater
number of light emitting elements ED are connected in
series in each sub-pixel SPXn of the display device 10_6.
The other descriptions are the same as those described
above, and a detailed description thereof will be omitted.
[0290] In concluding the detailed description, those
skilled in the art will appreciate that many variations and
modifications can be made to the embodiments de-
scribed herein without substantially departing from the
principles of the disclosure. Therefore, the described em-
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bodiments of the disclosure are to be used and under-
stood in a generic and descriptive sense and not for pur-
poses of limitation.

Claims
1. A display device comprising:

a plurality of sub-pixels comprising a first elec-
trode and a second electrode extending in a first
direction and spaced apart from each otherin a
second direction and a plurality of light emitting
elements on and electrically connected to the
first electrode and the second electrode;
abank layer extending around a region at where
the light emitting elements of the sub-pixels are
arranged; and

a plurality of wavelength conversion layers and
light transmitting layers in the region bounded
by the bank layer,

wherein the sub-pixels comprise:

a first sub-pixel comprising a first wave-
length conversion layer overlapping the
light emitting elements in the region bound-
ed by the bank layer; and

a second sub-pixel comprising a second
wavelength conversion layer, a third wave-
length conversion layer, and a first light
transmitting layer, each of which overlaps
some of the light emitting elements, in the
region bounded by the bank layer,

wherein the second wavelength conversion lay-
er and the third wavelength conversion layer of
the second sub-pixel contain different wave-
length conversion particles.

2. Thedisplay device of claim 1, wherein the light emit-
ting elements overlapping the second wavelength
conversion layer, the third wavelength conversion
layer, and the first light transmitting layer of the sec-
ond sub-pixel, respectively, are on the same first and
second electrodes.

3. Thedisplay device of claim 2, wherein the first wave-
length conversion layer overlaps each of the light
emitting elements in the first sub-pixel and contains
first wavelength conversion particles identical to
those of the second wavelength conversion layer.

4. The display device of claim 2 or claim 3, wherein:

(i) each of the second wavelength conversion
layer, the third wavelength conversion layer, and
the first light transmitting layer of the second
sub-pixel overlaps different portions of the first
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electrode and the second electrode; and/or

(ii) the bank layer divides the region at where
the light emitting elements of the second sub-
pixel are arranged into a plurality of sub-emis-
sion areas, and

wherein the second wavelength conversion layer,
the third wavelength conversion layer, and the first
light transmitting layer are in each of the sub-emis-
sion areas.

The display device of any one of claims 1 to 4, further
comprising a first color filter layer on the first wave-
length conversion layer of the first sub-pixel, a sec-
ond color filter layer on the second wavelength con-
version layer, a third color filter layer on the third
wavelength conversion layer, and a fourth color filter
layer on the first light transmitting layer of the second
sub-pixel,

wherein at least two of the second color filter layer,
the third color filter layer, and the fourth color filter
layer partially overlap each other.

The display device of claim 5, wherein:

(i) the second wavelength conversion layer, the
third wavelength conversion layer, and the first
light transmitting layer are spaced apart from
each other in the first direction; or

(i) the second wavelength conversion layer, the
third wavelength conversion layer, and the first
light transmitting layer are arranged in the first
direction and are in contact with each other.

The display device of claim 5 or claim 6, wherein the
second color filter layer and the third color filter layer
are arranged to partially overlap each other,
wherein the display device further comprises a color
pattern on an overlapping portion of the second color
filter layer and the third color filter layer, the color
pattern containing the same colorant as that of the
fourth color filter layer.

The display device of claim 5, wherein the second
wavelength conversion layer, the third wavelength
conversion layer, and the first light transmitting layer
of the second sub-pixel are arranged in the first di-
rection,

wherein the third wavelength conversion layer
partially overlaps each of the second wave-
length conversion layer and the first light trans-
mitting layer, and

wherein the third color filter layer partially over-
laps each of the second color filter layer and the
fourth color filter layer.

9. Thedisplaydevice of any one of claims 1 to 8, where-
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in the sub-pixels further comprise a third sub-pixel
comprising a fourth wavelength conversion layer
overlapping the light emitting elements in the region
bounded by the bank layer, and

wherein the fourth wavelength conversion layer con-
tains second wavelength conversion particles iden-
tical to those of the third wavelength conversion lay-
er.

The display device of claim 9, wherein the sub-pixels
further comprise a fourth sub-pixel comprising a sec-
ond light transmitting layer overlapping the light emit-
ting elements in the region bounded by the bank lay-
er, optionally wherein the fourth wavelength conver-
sion layer of the third sub-pixel overlaps the plurality
of light emitting elements in the third sub-pixel, and
wherein the second light transmitting layer of the
fourth sub-pixel overlaps the plurality of light emitting
elements in the fourth sub-pixel.

A display device comprising:

a plurality of sub-pixels comprising a first elec-
trode and a second electrode extending in a first
direction and spaced apart from each otherin a
second direction and a plurality of light emitting
elements on the first electrode and the second
electrode and electrically connected to the first
electrode and the second electrode;

abank layer extending around a region at where
the light emitting elements of the sub-pixels are
arranged; and

a light transmitting layer in the region bounded
by the bank layer,

wherein the sub-pixels comprise:

afirst sub-pixel electrically connected to the
firstelectrode and the second electrode and
comprising a first light emitting element con-
figured to emit light of a first color; and

a second sub-pixel comprising a first light
emitting element electrically connected to
the first electrode and the second electrode
and configured to emit light of the first color,
a second light emitting element configured
to emit light of a second color different from
the first color, and a third light emitting ele-
ment configured to emit light of a third color
different from the first color and the second
color, and

wherein the second sub-pixel comprises:

athird electrode and a fourth electrode elec-
trically connected to the second light emit-
ting element and spaced apart from the first
electrode and the second electrode in the
first direction, respectively; and
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a fifth electrode and a sixth electrode elec-
trically connected to the third light emitting
element and spaced apart from the third
electrode and the fourth electrode in the first
direction, respectively.

The display device of claim 11, wherein the light
transmitting layer in the first sub-pixel overlaps the
first light emitting element of the first sub-pixel, and
wherein the lighttransmitting layer in the second sub-
pixel overlaps each of the first light emitting element,
the second light emitting element, and the third light
emitting element of the second sub-pixel.

The display device of claim 12, wherein the first light
emitting element, the second light emitting element,
and the third light emitting element of the second
sub-pixel are spaced apart from each other in the
first direction,

wherein the bank layer extends around each of
a region at where the first light emitting element
is arranged, a region at where the second light
emitting element is arranged, and a region at
where the third light emitting elementis arranged
in the second sub-pixel, and

wherein the light transmitting layer in the second
sub-pixel is in the region bounded by the bank
layer in the second sub-pixel.

14. The display device of claim 12 or claim 13, wherein:

15.

(i) the sub-pixels further comprise a third sub-
pixel electrically connected to the first electrode
and the second electrode and comprising the
second light emitting element configured to emit
light of the second color, and

wherein the light transmitting layer in the third
sub-pixel overlaps the second light emitting el-
ement of the third sub-pixel; and/or

(ii) the sub-pixels further comprise a fourth sub-
pixel electrically connected to the first electrode
and the second electrode and comprising the
third light emitting element configured to emit
light of the third color, and

wherein the light transmitting layer in the fourth
sub-pixel overlaps the third light emitting ele-
ment of the fourth sub-pixel.

The display device of any one of claims 11 to 14,
wherein the second sub-pixel comprises a first tran-
sistor electrically connected to the first electrode, a
second transistor electrically connected to the third
electrode, and a third transistor electrically connect-
ed to the fifth electrode, and

wherein the first transistor, the second transis-
tor, and the third transistor are each electrically
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connected to a first voltage line configured to
receive a first power voltage, optionally wherein
each of the second electrode of the first sub-
pixel and the second electrode, the fourth elec-
trode, and the sixth electrode of the second sub-
pixel is electrically connected to a second volt-
age line configured to receive a second power
voltage different from the first power voltage,
and

wherein the first sub-pixel comprises one tran-
sistor electrically connected to the first electrode
and the first voltage line.
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